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le. Technical Description of Project and Results. 
Research during this grant period was conducted in two areas: I. Organometallic  
Chemistry of Carbon-Nitrogen Multiple Bonds and II. Chemistry of Nickel (I). In the 
former area attention was focused on a) reactions of CpFe(C0) 2 with iminium salts, 




Pt with iminium salts, c) reductive coupling of iminium 
salts using nickel(0) reagents and d) reactions of two electron organometallics 
with nitrilium salts, e) related chemistry involving C1CH 2SR as electrophiles. 
In the latter area, preliminary investigations were made on cyclopentadienylbis(ligand) 
nickel(I) complexes. Results of work completed in areas Ia-c and II are amply 
described in the attached copies of published papers and thesis abstracts. The 
work in area II serves as preliminary work for our continuation proposal. Areas 
Id and Ie deserve some additional comment. 
Id. In addition to the work on Cp 2V - nitrilium salt chemistry described 




salts. This work has proceeded slowly because of some unfortunate difficulties in 
the preparations of the titanium reagent but it is now clear that two products 
of stoichiometry Cp2Ti: 1 nitrilium salt and Cp,Ti: 2 nitrilium salt can be 
isolated. These are currently being characterized. So far attempts to electro-
chemically couple nitrilium salts have failed. 
Ie. In my request for a no-cost 6 month extension of this grant I indicated 
that studies on [CpNi(L)CH
2
SR] and [CpNi(L)CH 2
SR2 ]
+1 
were to be undertaken. 
3 
Objectives were to develop new alkylnickel chemistry and new cyclopropanation 
reagents. This work has progressed very well and a number of very interesting 
results have been obtained. 
The only example of the above complexes that was known at the time of my 
extension request was CpNi(PPh 3)CH2SPh. We have developed syntheses of 
CpNi(PPh 3)CH2SCH3 (two routes) and salts of [CpNi(PPh 3)CH2S(CH3)111 4-1 (R = CH3 , Ph) 
and the dinuclear complex {[CpNi(PPh3)CH2 ] 2SCH3 1
+1 
(single crystal X-ray structure 





Ni have been examined. Trans-(Ph3P) 2Ni(Ct)CH2
SR (R = CR3' 
Ph) were 
obtained in good yield when the reactions were conducted at -20 ° C in ether (but 
not other solvents). The former complex converted to (Ph 3P)Ni(CL)(n
2
-CH2SCH3 ) 
in THE thus demonstrating a parallel between chemistry of C1CH 2SCH3 and imininum 
salts. 
The above nickel sulfur ylide complexes serve as cyclopropanation reagents 
although their poor solubility characteristics make them less useful than Helquists 
[CpFe(C0) 2CH2S(CH 3 ) 2
]
+1 
reagents (JACS, 101, 6473 (1970). Studies in this area 
are continuing. In particular/concerning the stability of the CpNi(PPh3)CH2+ ion 
will hopefully be answered when we complete our studies on the -CH 2OCH3 complex 
which has just been synthesized. A full description of these results will appear 
in James Davidson's Ph.D. thesis and future publications. 
SOME ORGANOMETALLIC CHEMISTRY OF 
IMINIUM AND NITRILIUM SALTS 
A DISSERTATION . 
Presented to 
The Faculty of the Division of Graduate Studies 
By 
Allen Mark Carrier 
In Partial Fulfillment 
of the Requirements for the Degree 
Doctor of Philosophy 
in the School of Chemistry 
Georgia Institute of Technology 
August, 1981 
SIMMARY 
Recent investigations have shown the possibility of an extensive 
chemistry between organometallic reagents and iminium and nitrilium 
salts. This work was undertaken with interest in 1) the reaction 
pathways involved in forming the electrophile-organometal species, 
2) the modes of bonding of these unsaturates in the metal products, 
3) the reactivity of the metal cation species and 4) developing synthet-
ically useful metal assisted reactions of these electrophiles. 
'minium salts react with nickel tetracarbonyl to form products 
whose identity is solvent dependent. When dimethylmethyleniminium 
halides are treated with excess nickel carbonyl in tetrahydrofuran, an 
orange crystalline complex was isolated whose analytical data were 
consistent with the formulation {(CO)Ni[CH 2N(CH3 ) 2 ]X} (X = C2, Br, I). 
The compounds were assumed to contain a dihapto iminium moiety and this 
was confirmed by an X-ray crystallographic examination of the bromide 








]Br) are: space group, 
0 	 0 	 0 
Pnma; a = 7.376(1) A, b = 7.783(3) A, c = 13.127(6) A; Pcalcd = 1.99 g 
cm 3 ,
Pexptl 
= 1.90 g cm
-3 ; Z = 4.• The Ni-L distances are: Ni-Br = 
0 
2.337(2) A, Ni-C (iminium) = 1.91(1) A, Ni-N = 1.955(9) A, Ni-C 
• 
(carbonyl) = 1.77 A. An analogous complex was prepared with 
(012=N(CH2CO5 )2 ]Br and shown to exist in the dihapto form in solution. 
' When iminium salts are treated with excess nickel carbonyl in 
acetonitrile reductive coupling producing tetrasubstituted ethyl- 
ix 
• 
enediamines in low to moderate yields occurs. This iminium ion coupling 
reaction proceeds through {(CO)Ni[n 2-CH2N(CH3 ) 2 ]Br} as inferred by the 
initial solution color. Thus coordination of the iminium ion to nickel 
results in its transformation from an electrophile to a nucleophile. 









reacting with a variety of organic halides giving coupled products in 
low to moderate yields. 
Tristriphenylphosphineplatinum(0) reacts with [CH 2=N(CH3 ) 2 ]C51, in 
1 	  
THE to yield {(Ph3P)PtCH2N(CH3 ) 2 CH2N(CH3 ) 2 (a)1Ci which may be 
considered a complex of the bidentate ylide ligand ZH2t(CH3 ) 2CH2N(CH3 ) 2 . 
When heated in acetonitrile, the chelate complex converts quantitatively 
to the carbene compound cis-{(Ph3P)Pt[CHN(CH3)2]C2,2 / 
(v





N. This decomposition is dependent upon the presence of a 











(CH3 ) 2 (C0)13F4 in CH3CN. Single crystal X-ray crystallographic studies 
were performed on both the chelate and carbene complexes. Crystal data 
for the chelate complex are: space group, P2 1/c; a = 13.86(1) A, b = 
8.933(2) A, c = 19.52(1) A; a = 98.65(6)° 0calcd = 1.791 g cm 3 , ' '  
p
exptl 
= 1.77 g cm 3 ; Z = 4. This complex has Pt-L distances of: 
0 	 0 	 0 
Pt-P = 2.223(2) A, Pt-Ck = 2.362(2) A, Pt-N = 2.134(4) A, Pt-C = 
• 
2.017(5) A. The platinum carbon distance is the shortest presently 
known for an sp
3 carbon (without fluorine substituents) bonded trans to 
chlorine. Crystal data for the carbene complex are: space group, R3, 
20.400(8) A, a = 117.68°; 
pcalcd 
1.763 g cm 
3
, pexptl = 1.77 g = 
 
cm 3 ; Z ■ 6. This compound has Pt-L distances of: Pt-P = 2.220(2) A, 
• 
• 	 • 	 • 
Pt-CL(1) 	2.347(3) A, Pt-U(2) •, 2.345(3) A, Pt-C 	1.96(1) A. The 
dihedral angle between the carbene and coordination planes is 84 ° . 
Certain preparations of the carbene complex exhibited two vc.14 stretches 
in the infrared spectrum. X-ray crystallographic analysis of this. 
crystal morphology indicated two crystallographically independent 
molecules which differ by-approximately 20 ° in the dihedral angle between 
the carbene and coordination planes (84 ° versus 65 ° ). 
Bis(cyclopentadienyl) vanadium reacts with [C 6H5 CNCH3 ]BF4 to 
produce (Cp2V(C6H5CNCH3 )1BF4 , which is the first complex prepared by 
direct reaction of a nitrilium salt with an organometal reagent. The 
complex has been shown by a X-ray crystallographic study to contain the 
nitrilium ion bound in dihapto fashion. The complex reacts with one 
equivalent of N-methyl-benzonitrilium tetrafluoroborate in CH 3CN . to 
yield an as yet uncharacterized orange-brown material, but when reacted 
with two or three equivalents of [C 6H5 CNCH3 ]BF4 per complex 
(Cp2V(CH3CN) 2 ](BF4 ) 2 results, in yields dependent on the stoichiometries 
of the reactants. The same orange-brown material also results. 
ABSTRACT 
SOME ORGANOMETALLIC CHEMISTRY OF IMINIUM SALTS 
Dennis J. Sepelak, Ph. D. 
Department of Chemistry 
University of Illinois at Urbana-Champaign, 1981 
The objective of this work was to investigate the reactions of 
iminium salts with various low-valent metal complexes in order to 
establish the possible modes of bonding and reactivity of the iminium 
moiety in organometallic compounds. Reactions of iminium salts, prin-
cipally methylene iminium salts, with sodium cyclopentadienylirondi-
carbonyl, with tetrakis(triphenylphosphine)platinum(0), and several 
. nickel(0) compounds are described; 
Addition of sodium cyclopentadienylirondicarbonyl to [CH 2=N(CH 3 ) 2 ]Cl 
at low temperatures yields (n 5-005 )Fe(C0) 2 [Ti 1 -CH2N(CH 3 ) 2 ]. Reactions of 
this compound are described, including photolytic decarbonylation to (n 5 - 
C5H5 )Fe(C0)[n2 - CH2N(CH3 ) 2 ], in which the iminium moiety acts as an allyl-


























(C6115 ), and [CH2CH(CH3 ) 2] 2 , suggest there are equilibrium forms of the 
complexes in which there is interaction of the amino group of the iminium 
moiety with the iron center. 
vii 
Reaction of bis(triphenylphosphine)nickel(ethylene) or tetrakis(tri-






























Various physical measurements indicate these compounds 
are monomeric in solution and in the solid state, with a trigonally 




CH2N(CH3 ) 2]C1 gives 1,115 r U M; DDk 	1 ru m ru 
Iminium salts, [CH2=NR2]X, X = halide, react with bis(1,5-cycloocta-
diene)nickel(0) to form insoluble red complexes of stoichiometry [CH 2NR2 ] 2 - 
NiX
2 
in which the nickel is still zerovalent. Heating these complexes or 
their dissolution into polar solvents results in their transformation to 
blue complexes which are the corresponding substituted-ethylenediamine-
nickel(II) complexes, (R2NCH2CH2NR2 )NiX 2 . A similar coupling reaction 
of methylene iminium salts by nickel carbonyl in acetonitrile also pro-
duces ethylenediamines. 
Heating of a mixture of [CH2=N(CH 3 ) 2]X, X = Cl, Br, or I, and nickel 






good yield. This reaction is similar to the known reaction of allyl 
halides with nickel carbonyl, which produces allyl - nickel halide dimers, 





 ).]Ni(CO)X undergo reaction with various electro - 
philes to form organonitrogen compounds. These nickel complexes may have 
a utility in organic synthesis similar to that of allyl-nickel halide 
dimers. 
When tetrakis(triphenylphosphine)platinum(0) is stirred with [CH 2=N-
(CH3 ) 2 ]Cl, a complex of stoichiometry (Ph 3P)Pt[CH2N(CH3 ) 2 ] 2 C1 2 is iso-
lated. This complex contains a metallocycle ring PtCH 2N(CH 3 ) 2CH2N(CH 3 ) 2 , 







moiety on a second iminium ion, followed by cyclization. 
i x 
The iron, nickel, and platinum complexes obtained demonstrate that 
several different modes of bonding are possible for the iminium moiety in 
organometallic compounds. Iron complexes were isolated in which the 
iminium moiety is n l -bound, acting as an a-donor, or n 2-bound, acting as 
an allyl-type donor ligand. In the various nickel complexes the iminium 
moiety is attached as an n2-ligand whose bonding can be considered to be 
either a ff-bond like an olefin, or alternatively as an allyl-type bonding 
to the metal. Finally, the isolation of the platinum complex described 
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Organometallic Chemistry of Carbon-Nitrogen Multiple 
Bonds. 2. Reactions of Cyclopentadienyldicarbonyliron 
Anion with Iminium Salts; Chemistry of the Products 
E. Kent Barefield* and D. J. Sepelak 
Contribution from the School of Chemistry. Georgia Institute of Technology, 
Atlanta. Georgia 30332. Received November 3, 1978 
Abstract Reactions of NaRe-05H3)Fe(C0)21 with [112C--NR 1 2]X produce dialkylaminoalkyl complexes [(775-Cslis) - 
• Fe(C0)2(71 1 -CR2NR'2)1 except when R is a primary or secondary alkyl group; in these cases an enamine and (n 5-C31-13)- 
Fe(C0)2H are formed by an acid-base reaction. Unusual infrared and NMR spectra exhibited by a series of complexes of the 
type ((i-CsH3)Fe(C0)2(n 1 -CH2NR2)] are interpreted as a result of detection of rotational isomers (about the Fe-CH2 
bond) in which there is an intramolecular iron-nitrogen interaction. 1(77 5 -C31-1 3 )Fe(C0)21ril-CH2N(CH3)211 reacts, at nitro-
gen, with electrophiles: HCl and CH3I give salts, which may be considered as derivatives of the nitrogen ylides 
-CH2N+(CH3)2H and -CH2N+(CH3) 3 . whereas B F3 and BH 3 give simple adducts. Reaction with CH 3COCI. (CF3C0) 20, 
• or (CF3SO2)20 occurs with carbon-nitrogen bond cleavage to produce (17 5-C3H s)Fe(C0)2C H 2CI, (77 5 -C3H5)Fe(C0)2CH2O- 
COCF3, and 1[(77 5-05H5)Fe(C0)21N(CH3)2103SF3. respectively. Photolysis of the n'-CH2N(CH3)2 derivative produces 
1(e-C3H3)Fe(C0)[77 2-CH2N(CH3)2]1, which reacts with phosphines (L) to produce l(n5-C3H3)Fe(C0)(L)W-
CH2N(CH3dl. 
Introduction 
As described in an earlier paper,' we have undertaken an 
investigation of the organomefallic chemistry of a number of 
species containing carbon-nitrogen multiple bonds. 2 Our initial 
efforts have involved the preparation of complexes of iminium 
ions, R2C=NR'2+. We have already described reactions 
of (Ar3P)4Ni and (Ar3P)2NiC2H4 with R2+ , 
which yield products that contain the iminium ion bonded in 
a dihapto fashion. 2 One of these products, 1Ph3PNi(CI)N 2- 
CH2N(cH3),j1 was converted to l(n 5-05H5)Ni[77 1 - 
CH2N(CH3)2]PPh3l by treatment with sodium cyclopenta-
dienide. It seemed likely that complexes containing the imi-
nium ion moiety bonded in monohapto form might be prepared 
directly by reaction of iminium salts with metal carbonyl an-
ions since iminium ions are susceptible to nucleophilic attack 
at carbon. 3 Species containing the >C-N< moiety in a dihapto 
configuration might then be obtained by intramolecular sub-
stitution of a carbonyl ligand by the amino group. We chose 
cyclopentadienyldicarbonyliron anion as the first nucleophile 
for study because of its ready availability and known nucleo-
phiIic properties. This paper reports the results of our work on 
the reactions of this nucleophile with a variety of iminium salts 
and novel aspects of the physical characterization and chem-
istry of the products obtained. While our studies on this system 
were in progress, Wilkinson and Fong reported reactions of 
some other metal carbonyl anions with dimethylmeth-
yleneiminium iodide.4a Other somewhat related compounds 
that contain dihapto bonded C-N moieties have also been 
reported .4b 
Results and Discussion 
A summary of the preparative chemistry to be discussed in 
the following sections is given in Figure I. The Experimental 
Section should be consulted for details of the individual reac-
tions. 
Reactions of Iminium Salts with [(ris-05H 5)Fe(C0) 2 r. Re-
actions of NaRr1 5-05H 5 )Fe(CO) 2 ] (hereafter 1)3-05H5 will 
be donated by Cp) with suspensions of iminium salts in THF 
occur rapidly, even at -78 °C, regardless of the extent of 
substitution of the iminium ion. The nature of the products 
obtained depends upon the type of substituent present in the 
iminium ion and to some extent upon the reaction temperature. 
Methylene iminium ions, [CH2-- -NR2]+, invariably yield dark  
red complexes of the type [CpFe(C0)2(7/ 1 -CH2NR2)] when 
reactions are conducted at -78 °C. Six complexes of this type 
were prepared (entries 1 -6 in Table I). Information pertinent 
to their characterization is given in the following section. At 
room temperature only low yields of the aminoalkyl species are 
obtained; [CpFe(C0)2]2 is the principal iron containing 
product. The necessity of conducting these reactions at low 
temperature probably accounts for the failure of earlier 
workers to obtain the aminoalkyl product. 5 Likewise carbon-
substituted iminium ions that do not have protons on the a 
carbon,„such as [(CH3)2C(CH2C6H5)CH=N(CH2C1 -12)2- 
01+, react at —78 °C to yield analogous products. However, 
C-substituted iminium salts that have one or more protons on 
the a carbon ultimately give [CpFe(C0)2]2 as the iron-con-
taining product. The reaction of [(CH3) 2CHCH=N-
(C H 2CH 2)20] + was studied in some detail. Salts of this ion 
reacted immediately with CpFe(C0) 2- at —78 °C to form a 
pale yellow solution. Upon warming to room temperature the 
solution darkened to the color of [CpFe(CO) 2 ] 2 , which was 
subsequently isolated from the reaction mixture. In separate 
experiments enamine, (CH3)2C=CHN(CH2CH2)20, and 
CpFe(C0)2H were detected by NMR as products of the initial 
reaction. The interconversion of iminium ions and enamines 





is well documented 3 and it is likely that simple proton transfer 
to the carbonyl anion leads to the products observed. Although 
its pK value has not been determined, the carbonyl anion ap-
parently behaves as a base in other reactions. For example, a 
standard preparation of CpFe(CO)2H involves the reaction 
of the carbonyl anion with tert-butyl chloride. 6 Although this 
is sometimes cited as an example of a 0-hydride elimination 
reaction, 7 implying that nucleophilic displacement of chloride 
and formation of the alkyl compound precede the decompo-
sition, recent work shows that CpFe(CO)2C(CH 3 ) 3 prepared 
by an alternative route is quite stable. 8 The most likely pathway 
for hydride production is dehydrohalogenation (E2 elimina-
tion). In fact, Reger's work on the decomposition of 
CpFe(C0)(PPh3)CH2CH2R, which does occur by a 13-elim-









Cp Fe (C0) 2a2M12 
  
Cpre(CO) 2-CH210te2) 	Cpre (CO) (L) (CM 2MMe 2) 
[CP,* (C0) 2012NAMe2 1CL 
[Cpre (CO) 2012NMe 3 1 I 
Cplre (CO ) 201221Ne2IR 3 I 	1r 
Cpre (CO ) 2CH20. + CH3CONMe 2 
Cp Fe (CO) 2C11202CCIP3 + at3CONMe 3 
9212° ) 	( Fe (CO) 2012 1 2NMe 2 )0350'3 + Q350211210 2 
Figure 1. Summary of preparative chemistry involving CpFe(C0)2 and iminium salts. 
Cp Fe (CO) 2R + It2C•CHNR 2 
Cpl. (CO ) 2 
 
( Ph(c1t3 12c 	 (cpre(02)2ca(xa2)(c(ca3)2ml) 
/1 . 
 
to the hydride transfer step. 9 Since thermal loss of CO is neg-
ligibly slow at room temperature in the CpFe(C0)2CH2N R2 
compounds, the ;3-hydride pathway can be eliminated as a 
possibility in the C-substituted iminium ion reactions. 
- The previously mentioned reduced yields of the aminoalkyl 
complexes obtained from reactions that were conducted at 
room temperature is puzzling since the aminoalkyl complexes 
are not especially thermally sensitive. It seems more likely that 
an alternative pathway for reaction, such as electron transfer, 
may compete with the nucleophilic path at the higher tem-
perature. Production of 17 electron CpFe(CO) z «ould result 
in dimer formation and presumably RiNCEI2C1-1 , NR, (or 
R2NCH3 depending upon the fate of the aminoalkyl radical). 
Both nucleophilic and electron transfer pathways have been 
suggested for reactions of organometallic anions with certain 
alkyl halides. 10 The effect of temperature on these reactions 
is not readily predicted but it should be noted that the nature 
of the carbonyl reaeent is probably different at high and low 
temperatures since the ratio of solvent separated to contact ion 
pairs should be substantially different." Whether or not this 
could affect the redox and/or nucleophilic properties of the 
anion remains to be determined. 
All of the aminoalkyl complexes studied arc viscous red oils 
that are air sensitive but are only moderately thermally sen-
sitive. In fact, the lower molecular weight derivatives can be 
distilled at 50 °C in vacuo with little decomposition, although 
they do decompose when heated at higher temperatures. 
[CpFe(CO)2]2 forms in the thermal decomposition. Higher 
molecular weight derivatives are not distillable and could not 
be obtained in analytically pure form as the free amines. All 
of the aminoalkyl compounds could be obtained as crystalli-
zable solids by complexation with Lewis bases, vide infra. 
Several unsuccessful attempts were made to generate ami-
noalkyl complexes by other routes. CpFc(C0)2CH2Cl was  
unreactive toward LiN(C2H5)2, a result that is not surprising 
in view of the similarity of this complex to neopentyl systems. 
Green et al. found that the chloromethyl complex reacted with 
silver ion and on the basis of the product distribution suggested 
that unstable [CpFe(C0) 2CH-d÷ was formed.I 2 It seems 
reasonable that such a species would react readily with dialk-
ylamines. Unfortunately, no conditions were found where Ag÷ 
would react with the chloromethyl complex in the presence of 
diethyla mine. 
IR and NMR Spectra of [CpFe(C0)2(n 1 -012NR2)]. As many 
as six carbonyl stretching absorptions are observed for 
[CpFe(C0) 2 (71) -CH2NR2)1 depending upon the nature of the 
substituents on nitrogen; the energies of certain of these ab-
sorptions are lower than expected for compounds with such 
alkyl substituents," vide infra. In addition the NMR chemical 
shifts of the methylene group proton resonances are anoma-
lously low for those complexes having low frequency infrared 
absorptions. 
Carbonyl region infrared spectra of five derivatives arc. 
shown in Figure 2 (6 has a spectrum identical with that of 4). 
These live compounds can be classified into three categories 
based on their infrared spectral behavior: (a) 1; vco expected 
for an aminomethyl substituent, one pair of absorptions ob-
served; (b) 5; coP at lower energy than expected, two pairs of 
absorptions observed; 1 4 (c) 2-4; vco at expected frequencies, 
one pair, and vco at lower energy, two pairs. with relative in-
tensities of high and low energy pairs of bands varying with the 
substituents on nitrogen. Infrared spectra of 3 obtained at 
several temperatures between +30 and — 50 °C show that the 
intensities of the lower energy pairs of absorptions increase 
relative to those of the high energy pair as the temperature is 
lowered. 
Room temperature NMR spectra of all of the aminoalkyl 
complexes (chemical shift data are tabulated in the table) are 
to their complexei=1TErivatization of substituted alkyl com-
plexes could develop into a general method for generating glide 
complexes, especially of those ylides that are inherently un-
stable. We earlier reported the preparationof [CpNi(PPh3)- 
CH2N(CH3)311 by methylation of the aminoalkyl complex' 
and we have prepared the sulfur ylide complex, [CpFe-
(C0)2CH2S(CH3)CH2CH3]1 by reaction of the thioether 
with [(CH3)30]BF4. Similar alkylations of RSCH2M1-n 
species have been performed by others. 27 
In view of the above results it is not surprising that the 
aminoalkyl complexes also react readily with Lewis acids. Both 
BF3, 9, and BH3, 10, complexes of jCpFe(C0 )2[ 71'- 
CH2N(CH3)2]1 were prepared. These yellow complexes re-
semble closely the ylide complexes in their spectroscopic 
properties (Table 1). Both show shifts of their carbonyl 
stretching absorptions to higher energy compared with the 
parent. The spectra are simplified (two bands for each adduct) 
for the same reasons described for the quaternary derivatives. 
The methylene group chemical shifts are at higher field than 
that of the dimethylaminomethyl complex, although the 
chemical shifts of cyclopentadienyl and methyl proton reso-
nances are somewhat less affected than in the quaternary de-
rivatives. 
Low-temperature 	reaction 	of 	1CpFe(C0 )2[ 71'- 
CH2N(CH3)2]1 with CH3COC1, [CF3CO]20, or [CF3S02]20 
results in cleavage of the methylene carbon-nitrogen bond. 
Products of these reactions are CpFe(C0)2CH,C1, CpFe-
(CO)2CH2OC(0)CF3 (11), and 1[CpFe(C0)2C112]2- 
N(C113)2103SCF3 (12), respectively, and the appropriate di-
methylamides. The first two reactions probably proceed in the 
following fashion: 
CpFe(C0) 2C1-12 NCR+ + X- 	CpFe(C0).,CH 2X + RCN 
Whether the second step proceeds by SN2 displacement of the 
amide by the counterion or a dissociative (5\ 1) reaction is not 
known. Other work suTgects that the carbenoid species 
[CpFe(0) 2 C1-1-2 ]+ is not stabie 29 so that a purely dissociative 
reaction either does not occur or occurs in a tight ion pair ‘‘ here 
the counterion traps the carbene species before dispropor-
tionation takes place. The ultimate disproportionation products 
should be [CpFe(C0)2(C2H4),IX and/or CpFe(CO)2X. 
Neither of these was observed. 
The reaction with (CF3S02)20 probably proceeds through 
an ionic intermediate analogous to that above but excess 
CpFe(C0)2CH2N(C1-13)2 (the anhydride was added to the 
aminomethyliron complex) either reacts with the ionic species 
-or with the trifluorosulfonate which could form as-an inter-
mediate product. The dinuclear product is simiiar to products 
derived from the deprotonated phosphorus ylide 
i(CH3)2NCH2)2] - .3° 
Preparation and Reactions of 1CpFe(C01(n 2-C1-12N(CH31211. 
Photolysis of 1CpFe(C0)2171t-CH2N(CH3)2il  results in 
smooth evolution of CO with the formation of the 77 2-iminium 
ion complex 13, a low melting solid which is readily sublimed 
in vacuo. As expected this complex shows a single carbonyl 
stretching absorption (1903 cm"I in cyclohexane). Its N MR 
spectrum (Table 1) consists of a singlet for the cyclopentadienyl 
protons and doublets for the methylene and methyl group 
protons. As shown by A below, a fixed orientation of the di-
hapto iminium ion would result in nonequivalent methylene 
protons and methyl groups. The NMR spectrum confirms this  
structure and indicates that interconversion between A and A' 
is slow at room temperature. In fact, the NMR spectrum is 
unchanged to —100 °C (toluene solution) where the complex 
begins to decompose. This behavior is in contrast to that de-
scribed by Wilkinson and Fong for 1CpMo(C 0 )2[ 7/ 2 - 
CH2N(CH3)2]1. 42 The room temperature NMR spectrum 
of this complex consists of three singlets at r 4.64, 7.31, 7.48 
in the ratio 5:6:2, respectively. As shown by structure B, this 
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complex should also have nonequivalent methylene protons and 
methyl groups and the observed NMR spectrum suggests that 
the complex is undergoing a rapid intramolecular rearrange-
ment (B ■-• B'). We have confirmed that this is the case 
through variable temperature NMR measurements on CDC13 
solutions of the complex. The two higher field resonances 
broaden as the temperature is lowered so that at —60 °C two 
doublets are clearly present consistent with static structures 
B and B'. The different behavior of the iron and molybdenum 
complexes of the n 2-CH2N(CH3)21igand resembles that of the 
corresponding n 3-allyl complexes. CpFe(CO)2(allyl) com- 
plexes rearrange (endo exo) at moderate rates at room 
temperature. AG* is 24.1 kcal/mol for the methallyl com-
plex. 31 The comparable rate of conversion of anti » syn groups 
to endo ■-• exo isomerization suggests that an n 3- 77 1 - 71 3 process 
is responsible. In contrast, CpMo(CO)2(allyl) complexes un-
dergo rapid interconversion (endo exo) at room temperature 
with static forms observed (by 'H  NM R) at temperatures 
below 0 °C. AG* for the intramolecular process in the meth-
allyl complex is about 16 kcal/mo1. 32 Anti-syn interconversion 
does not accompany the endo •-• exo process leading to the 
conclusion that "... a rotation of the planar allyl about an axis 
between the metal and the center of gravity of the allyl appears 
most reasonable". 32 Although activation parameters and 
mechanistic details are not presently available for the iminium 
ion complexes, it is apparent that the relative stereochemical 
rigidities of iron and molybdenum compounds are the same as 
that of the allyl complexes. This observation suggests that the 
similarity between the n 3 -allyl and 772-iminium ligands is more 
than operational: they seem to impart much the same electronic 
effect to the metal. 
ICpFe(C0)[71 2-CH2N(CH3)211 undergoes facile ring 
opening reactions with phosphines as evidenced by NMR and 
infrared spectra of reaction mixtures containing PhP(CH 3 ) 2 
 and Ph,PCH3. The monophosphine complexes 1CpFe1C0)- 
LHI -CH2N(CH3)211, 14 and 15, are asymmetric and their 
N MR spectra (Table 1) contain multiplets consistent with the 
diasterotopic nature of the methylene protons and the methyl 
groups in the PhP(CH3)2 compound. Infrared spectra of the 
phosphine complexes contain a single symmetrical carbonyl 
stretching absorption (see Table I). The absence of any com-
plexity to these spectra indicates that only one rotational isomer 
is present or, perhaps more likely, that the carbonyl stretching 
absorptions of the rotational isomers present (three are pos-
sible) are not sufficiently different in energy to be resolved and 
are contained in the absorption envelope. (The half-widths of 
the carbonyl bands are —20 cm'', which is about twice the 
half-width of absorptions for the CpFe(C0)2(n 1 -CH 2NR 2 ) 
derivatives.) Neither of the phosphine complexes could be 
crystallized; however, complexation of the amino nitrogen in 
0 	 0 
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The infrared and NMR spectral data are only consistent 
with the existence of a dynamic equilibrium between isomeric 
species in the case of 2-6, whereas only a single species is de-
tectable for 1. At least three species are required for 2-4 and 
6 and two of these, as well as the two detected for 5," have 
lower energy carbonyl infrared stretching absorptions than 
expected for such alkyl substituents. The low CO stretching 
frequencies and the existence of two similar species with low 
energy absorptions can be accounted for by species III and 
IV: 
1:11 • 	 IX 
in which there exits a net bonding interaction between the ni-
trogen atom and iron.22 The increased electron density placed 
on iron as a result of this perturbation is transferred (in part) 
to the 7r* orbitals of CO through the normal back-bonding 
interaction (which occurs here via the iron d m dx :_y2, and d 2 2 
orbitals) 25 resulting in a decrease in the C-0 bond order and 
a reduction of the C-0 stretching energy. Structures III and 
IV represent the same rotational isomers as I and II with the 
addition of the Fe-N interaction. The additional set of ab-
sorptions (highest energy peak) observed for 2-4 and 6 and the 
only set observed for 1 are in the energy range expected for 
such alkyls. We attribute these to a form in which there is no 
Fe-N interaction. In principle, rotational isomers exist for this 
species but their carbonyl absorptions arc apparently not 
sufficiently different in energy to be resolved. 
Consistent with the above interpretation, the increase in the 
ratio of interacting to non interacting forms in going from 1 to 
5 roughly parallels the increase in basicity of the secondary 
amine from which they arc formally derived. The temperature 
dependence of the equilibrium is in the expected direction and 
the small enthalpy difference is consistent with the weak nature 
of the Fe-N interaction. The effect of complexation of the 
nitrogen by an external acid is also to be expected. 
The chemical shifts observed for the methylene groups in 
1-6 arc obviously / mole fraction weighted averagt3c4 the 
species participating in each equilibrium; the shifts of 1 and 
5 should be close to the limits for noninteracting and inter-
acting forms, respectively. The pronounced deshielding effect 
resulting from the Fe-N interaction is not readily explained. 
It does not seem reasonable that the inductive effect resulting 
from the interaction should be greater than that of a proton or 
methyl carbonium ion. Perhaps the precise location of the 
methylene protons relative to other parts of the molecule in the 
interacting form results in a deshielding effect. 
Reactions of 1CpFe(C0)2Enl-CH2N(CH1)•11 with Electro-
philes. The aminoalkyl complexes react, at nitrogen. with a 
• variety of electrophilic reagents including Brkinsted acids, alkyl 
halides, Lewis acids, carboxylic and sulfonic acid halides, and 
anhydrides. Although it is probably safe to assume that these 
reagents react with the aminoalkyl compounds, regardless of 
the identity of the nitrogen substituents, not all combinations 
have been attempted and only reactions with the more exten-
sively studied dimethylaminomethyl complex 4 will be de-
scribed. 
Complex 4 reacts immediately in petroleum ether with 
HCl )(i  or CH3I to give yellow precipitates (7 and 8, respec-
tively). Both products are recrystallizable from polar solvents 
without change. Elemental analysis, IR, and 1 H NMR data 
are consistent with the formulation of these products as 
ICPFe(C0)2[ 17 1 -CH2N(CH3)2R]IX: 7, R = H, X = Cl; 8, R 
in CH3, X = I. The effects of introducing a strongly electron-
withdrawing group into the molecule arc readily apparent in 
the infrared and NMR spectra. In the former, the carbonyl  
2opo 
Figure 2. Carbonyl stretching absorptions of [CpFe(C0)2(r1 1-CH2NR2)1 
(cyclohezane solutions): N R2 = (1) N(CH3)Ph, (2) N(CH2CH2)20, (3) 
N(CH2CH2)2CE1 3 , (4) N(CH3)2, (5) N ECH2CH(CH3)212. Absorptions 
at —1900 cm -1 in spectra 2-5 are due to [CpFc(C0)(71 2-CH2N R2)1 im-
purities. The absorption at 2007 cm- I in 1 is from [CpFe(C0)2]2. 
stretching absorptions are shifted to higher energy compared 
with the parent molecule (Table I gives spectral data) consis-
tent with electron density withdrawal from the metal and 
concomitant rcduction in Fe-CO r-backbonding. Only two 
CO stretching absorptions are observed in both cases, rather 
than the six observed for the parent. Simpler spectra should 
be observed since the Fe-N interaction that results in stabili-
zation of rotational isomers in the parent is blocked in the de-
rivatives. Rotational isomers of the normal type are still pos-
sible but arc not detected in the infrared spectra. The NMR 
spectra show downfield shifts of the cyclopentadienyl and 
methyl group resonances consistent with the deshielding that 
results from introduction of the positive charge. The methylene 
group resonances occur upfield of those in the parent. A sat-
isfactory explanation for this phenomenon is not available but 
it must be associated with the unusual properties of the di-
methylaminomethyl complex and not those of the quaternized 
forms. In fact, if the chemical shift of the methylphenylami- 
nomethyl complex 1, which shows "normal" behavior, is chosen 
as the reference (r 7.43), then the shifts of both the protonated 
and methylated complexes are downfield (r 6.71 and 6.0, re-
spectively) as would normally be expected. 
The quaternary salts are extremely resistant to hydrolysis, 
even in strong aqueous acid and they are unaffected by tri-
fluoroacetic acid. Treatment of the protonated complex with 
K2CO3 in acetonitrile regenerates the starting material. The 
salts are also resistant to air oxidation both in solution and in 
the solid state. 
[CpFe(C0)2CH2N(CH3)31 + 	and 	[CpFe(C0)2-, 
CH2NH(CH3)2I+ may be considered as substitution 
products derived from reactions of [CpFe(C0)21_]+ with the 
ylides -CH2N+(CH3)3 and -CH2N+(CH3)2H, respectively. 
In fact, the related phosphorus derivative, [CpFe(CO)r 
CH2PPh3J BE:, has been prepared by reaction of . 
[CpFe(C0)2(THF)IBF4263 or CpFe(C0)21,26b in the presence 
of AgBF4, with the preformed glide, -CH2P+Ph3. In contrast 
to phosphorus, simple nitrogen ylides are not isolable and can 
apparently only be generated as LiBr stabilized species. 27 
 Although a fair amount of organic chemistry has been done 
with these LiBr complexed species, transition metal complexes 
have not been generated from them. Of course, neither 
-CH2N+(CH3)2H nor -CH2P +(CF13)2H can be generated 
in the usual fashion from the quaternary salt so that protona-
tion of substituted alkyl complexes represents a unique route 
noo 	1930 	MOO 
0 4.10-sz 
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Table 1. Infrared and 1 H NMR Spectral Data for (n s-CsH5)Fc(C0)2CH2N R2 and Derivatives 
compound IR• 
NMR• 
pr5-05H5 . 	Fe-C H2 	 other 
11(45-05115)Fe(C0)2[77 1 - 
CH2N(C6H5)CH3]1 
2026 1966 5.65' 7.43 	 NCH3, 7.30, -C6H5, cm 
centered at T 3.15 
21(3-05H5)Fe(C0)2171 1 - 2008 1952 5.75' 6.13 	 NCH2CH2O, 6.42 a; 
CH2N(CH2CH2)2011 1993 sh 1917 sh NCH2CH20, 7.72 ct 
1988 1933 
31(45-051-15)Fe(C0)2 2003 1949 5.73• 5.78 	 NCH2, 7.63 cm; -(CH2)3-, 8.52 
CH2N(CH2CH2)201211 1991 sh 1933 sh cm 
1985 1927 
4 ke-051-15)Fe(C0)2( 77 1- 2007 1952 5.76' 5.76 	 7.90 
CH2N(CH3)211 1992 sh 1935 sh 5.264 5.69 7.89 
1987 1930 5.40• 5.77 	 7.90 
5 KeIssC 5} 1 s)Fc(Ca)rni - 1991 sh 1930 5.77' 5.60 NCH2CH, 7.83 cm; NCH2CH, 
CH2N (CH2CH(CH 3) 2)21I 1987 8.32 cm; CH(CH3)2, 9.08 d. 
Jaw 6 Hz 
0(r15-05H 5)Fe(C0) 2In i- 2005 1950 5.85' 5.69 	 NCI-13, 7.87. -CH2CH3, 7.71 q; 
CH2N(CH3)CH2CH311 1991 sh -CH2C113. 8.01 t, J in 7 Hz 
• 1887 1930 
71(n5-C3F15)Fe(C0)2[ 77% 2027 19694 4.734 6.71 	 7.30 
CH2NH(CF13)2]1C1 
111(15-051-15)Fe(C0)2171 1 - 2031 19721 4.794 6.00 	 6.93 
CH2N(CH3)311I 
91(75-05H5)Fe(C0)a[ 71 1 - 2016 1963' 5.80c 6.43 	• 	7.58 
CH2N(C113)2(BH3)ii 
101(r75-05H5)Fe(C0)2I77 1 - 2022 19624 602e 630 	 7.78 
CH2N(CH3)2(BF3)]} 
111(775-C31-15)Fe(C0)2E7/ 1 - 2032 1980 5.88' 4.63 
CH20C(0)CF311 
121[(e-05Hs)Fe(C0)2(7/ 1 - 2025 1970 4.83 4 6.07 	 7.20 
CH2)12N(CH3)2103SCF3 
131(715-05H5)Fe(C0)[77 2- 1903 5.74" 	• 7.39, 8.02 	8.16. 8.21 
CH2N(CH3)211 5.61 4 _ 7.15, 8.03 7.63, 7.83 
.141(775-051-13)Fc(C0)- 1912 5.86c 6.49 d. 6.57 d 	NCI-13, 7.67. PCH3; 8.71 d, 8.79 
[P(C6H5)(CH3)21- Jp = 1.5 Hz Jp 0. 3.2 Hz d, Jp = 3.9 Hz; 
[71 1 -CH2N(CH3)211 PC6H5, 2.55-2.97 cm 
151(n5-05H5)Fe(C0)- 1914 5.72c 6.33 d. 6.45 d 	NCH3, 7.72, PCH 3 , 8.42 d, 
IP(C611.5)2CH31EY- Jp•r 2Hz Jp = 3 Hz Jp = 8 Hz; PC6H5, 2.33- 
CH2N(CH3)211 3.03 cm 
• Spectra were taken on cyclohexanc solutions unless otherwise indicated. Conditions are described in the Experimental Section. b Chemical 
shifts arc r values vs. Me 4 Si as internal standard. Solvents arc indicated by appropriate footnote letter. Abbreviations used to describe muitiiine 
patterns are: d, doublet; t, triplet; q, quartet; et, complex triplet; cm, complex muitiplet. r Benzene-d6. d  Acetonitrile-d3 for NMR, accton;trile 
for IR. • Carbon disulfide. 
entirely consistent with their formulation and all contain only 
one resonance assignable to the methylene group; it is a singlet 
in each case. The spectrdm of 4 was examined (as a toluene-dg 
solution) at -80 °C; again the methylene resonance consisted 
of one singlet. The chemical shifts of the methylene group 
singlets are anomalously low for compounds 2-6, which also 
have unusual infrared spectra, whereas the shift of the reso-
nance for I is as predicted.I 5 The chemical shift of the meth-
ylene resonance increases as the relative intensity of the low 
frequency pairs of infrared bands increases. 
Methylation, protonation, or adduct formation reactions of 
4 yield compounds whose infrared spectra contain only one pair 
of carbonyl stretching absorptions vide infra. In each case, 
these occur at the higher frequencies expected for compounds 
with such electron-withdrawing substituents, The NMR 
chemical shifts of the methylene group proton resonances 
(singlets in each case) arc upfield of that of the parent com-
pound. 
In general, complexes of the type (Cp)Fe(CO)2R exhibit 
two or more carbonyl stretching absorptions depending upon 
the symmetry and size of R and the frequencies of the ab-
sorptions increase as the electron-withdrawing power of R 
becomes greaten's More than two carbonyl absorptions may  
be observed when R has lower than threefold symmetry. For 
example, when R has only a plane of symmetry, two rotational 
isomers exist as a result of restricted rotation about the bond 
to iron, i.e. 
When the energies of the carbonyl stretching absorptions for 
these isomers are sufficiently different so that they can be re-
solved, four bands (two pairs) are observed. 16-21 This is the case 
when R is SiHC12,I 6- ' 8 GeHC12, 19 and CH2Ph.2° 
Low IC, Car, 3 Vilt • 
IC p Fc ( C 0 )( P Ph 20-13) ( /1 -C 2 N (C H3 )211 by BF3 produced 
a solid derivative 16 whose elemental analysis and spectro-
scopic properties arc consistent with the desired compound and 
confirm the authenticity of the precursor complex. 
Conclusion 
This work and that of Wilkinson" show that, subject to a 
few constraints, aminoalkyl complexes are readily obtained 
from reactions of iminium salts and metal carbonyl anions. The 
aminoalkyliron products undergo a number of reactions to 
produce novel compounds not readily available by other routes. 
Several of these reactions should be applicable to aminoalkyl 
complexes of most metals. Of special interest is C-N bond 
cleavage by electrophilic reagents which may provide a route 
to carbene complexes that do not have heteroatom substituents. 
Work in this area is underway. 
The iron-nitrogen interaction proposed to occur in CpFe-
(C0)2(1) 1 -CH2NR 2 ) species on the basis of infrared and N MR 
measurements is unusual and more definitive evidence would 
be desirable. Unfortunately, all of the compounds believed to 
have this interaction are liquids at ambient temperature so that 
X-ray data are not obtainable with our equipment. Neither of 
the phosphine complexes appealto have iron-nitrogen inter-
actions. This could be because of unfavorable steric effects or 
because of the decrease in r-bonding capability of the phos-
phorus donor. 
Experimental Section 
All synthetic operations and manipulations of samples of organo-
=tallies were conducted in a nitrogen filled glovebox or under a ni-
trogen atmosphere in suitable glassware by using syringe techniques 
for sample transfer. Solvents were purified by distillation from drying 
agents under a nitrogen atmosphere. Iminium salts were prepared by 
literature methods and each was characterized by its N R spectral 
properties and by elemental analysis before use. - 
1(e-CsHsIFetC0121 7/ 1 -CF12N(C1-131211. 4., A solution of Na [Fe-
(C0)2(71 5-CsH5)1, 75 mmol obtained by stirring 13.35 g of Fe-
(C0)2(C5ii 5) 2 witkan excess of 1% sodium amalgam in THF for 
several hours and decanted into a dropping funnel, was added over 
I h to 7.50 g (80 mmol) of [(CH3)2NCH-2 1Cl suspended in 75 mL of 
THF at -78 °C. After stirring for an additional l.5 h at -78 °C. the 
reaction mixture was warmed to room temperature and the solvent 
evaporated. The residue was extracted four times with 35-mL portions 
of medium petroleum ether. After the extracts were filtered through 
a pad of Celite, the solvent was evaporated to yield 14.8 g (84 -0) of 
a dark, air-sensitive red-brow n oil. Subsequent distillation in a mo-
lecular still at 50-55 °C (10-3 mml gave pure 1( ril-CcH5)Fe-
(CO)2[CH2N(CH3),11. Anal. Calcd for C1oH13N Fe02: C. 51.10: H, 
5.57; N, 5.96; Fe, 23.76. Found: C. 51.00; H. 5.40; N. 6.00; Fe. 
2126. 
kO5-Cs1-15/FetC01210-CH2N(C113K.1 - 151l, 1. A solution of 13 mmol 
of NaRn 5-C3H5)Fe(CO)_J in 40 m L of T H F. prepared as described 
above, was added to a suspension of 2.0 g (13 mmol) of 
[CH2N(C H3)C6H5]C1 in 100 mL of THF at -78 °C over a 45-min 
period. After stirring at -78 °C for an additional 2 h. the reaction 
mixture was gradually warmed to room temperature and the solvent 
evaporated. The residue was extracted four times with a 1:1 mixture 
of hexane/ether. The extracts were filtered through Celite, combined, 
and the solvent evaporated to yield 2.7 g (70%) of a red-brown oil. 
Chromatography of the product on silica gel, alumina, or charcoal/ 
Celite resulted in decomposition. However, chromatography on a 
column of Celite with hexane yielded the product as a dark orange-red 
oil,contaminated with only a small amount of lte-CsH5)Fe(C0)12 
(by infrared spectroscopy). The compound decomposes extensively 
to [(175-05H5)Fe(C0)212 and a colorless oil upon standing at 0 °C over 
a week. 
ktis-Cs1-15)Fe(C0)2fni-CH2N(CH2CH212011. 2. A solution of 20 
mmol of Na[(71 5-05H5)Fe(C0)21 in 40 mL of THF was added over 
- 45 min to a suspension of 3.0 g (22 mmol) of [CH2N(CH,CH2)20]C1 
in 85 mL of THF at -78 °C. After stirring an additional hour at -78 
°C, the reaction flask was allowed to warm slow ly to room tempera-
ture. Workup as described for 4 (extracted six times with a total of  
100 rnL of hexane) gave 5.2 g (94%) of the product as a dark red oil. 
Satisfactory analytical results for all elements could not be obtained 
on individual samples of 2 or 3. However, their N MR spectra (Table 
I) were entirely consistent with their proposed structures and their 
infrared spectra did not vary with the particularpreparation. 
ke-CsHs1Fe(C0)21n i -CH2N(CH2CH2)2CH211, 3. A solution of 25 
mmol of Na((rt 5-05H5)Fe(C0)21 in 50 mL of THF was added to a 
suspension of 4.0 g (30 mmol) of [CH2N(CH2CH2)2CH2]C1 in 75 
mL of THF at -78 °C over a 1-h period. Workup of the reaction 
mixture as described above gave 5.3 g (77%) of the product as a red-
brown oil. Distillation as above gave the product. 
(ns-051-15)Fe(C0)-i lni-CH 2 N[CHICH(CH3)7121, 5. A solution of 20 
mmol of NaRt25-05F15)Fe(C0)21 in 40 mL of THF was added slowly 
to a suspension of 3.75 g (21 mmol) of [CH2N(CH2CH(CF13)2)20 
in 75 mL of THF at -78 °C. Workup as above gave 5.2 g (82%) of 
the desired product. Distillation in high vacuum at 50 °C in a mo-
lecular still apparatus gave the product. Anal. Calcd for C 1 6 H25Fe-
NO2: C, 60.18; H, 7.90; N, 4.39. Found: C, 60.63; H. 8.43; N. 
4.92. 
1(r1-5--Cs}15)Fe(CO)in i -CH2N(CH3xCH2CH3)11, 6. Reaction of 10 
mmol of NaRns-05H5)Fe(C0)21 and 1.1 g (10 mmol) of 
[CH2N(CH3)(CH2CH3)1C-I and workup as above gave 1.1 g (44%) 
of 1(a7 5-05H5)Fe(C0)2[CH2N(CH3)(CH2CH3)11. Anal. Calcd for 
C11H 15N  Fe02: C, 53.04; H, 6.07; N, 5.62; Fe, 22.42. Found: C, 53.32; 
H. 6.04; N. 5.65; Fe, 21.22. - 
Reaction of Na[(775-05H5)Fe(C0)2)i with [(CH 3)2CHCH=N-
(CH2CH/)2010. A solution of 4.5 mmol of Na[(11 5 -051-15)Fe(C0)21 
in 30 mL of THF was added dropwise over ca. 30 min to a suspension 
of 0.8 g (4.5 mmol) of the iminium salt in TH F, which was maintained 
at -78 °C during the entire addition. Decolorization of the dark 
red-brown color of the carbonyl anion was rapid as each drop entered 
the iminium ion suspension. A pale yellow color persisted. After ad-
dition was complete the mixture was allowed to warm to room tem-
perature with continuous stirring. After this time the mixture was a 
dark red-brown color. The solvent was removed under vacuum and 
the residue was extracted with 20 mL of pentane. After filtration the 
pentane was evaporated to leave a red-brown oily residue. An N MR 
spectrum obtained on this residue showed strong resonances for the 
enamine (CH3)2C----CH N (CH2C H2)20. In addition to resonances 
for the cnamine, there were resonances attributable to the protons of 
[(77 5-051-15)Fe(C0)212 as well as some unassigned resonances. The 
enamine constituted at least 60% of the sample. 
In a second experiment, a solution of Na[(77 3-05H5)Fe(C0)21 
(prepared from 0.89 g (2.5 mmol) of [.(77 5-05H5)Fe(C0)212 and excess 
Na(Hg) in about 10 mL of THF) was slowly added to a cooled (-96 
°C toluene slush) .flask that contained 0.90 g (5.0 mmol) of 
[(CF13)2C HCH-N(C H2C H2)20]Cl. The reactants were mixed by 
swirling and allowed to warm slightlyty removal of the flask from 
the bath for short periods. The iminium salt gradually disappeared 
over about 30 min after which time a portion of solution was filtered 
into a cold N MR tube. A small quantity of toluene was added to the 
tube as a standard. The presence of a hydride was established by a 
singlet 18-ppm upheld from the phenyl proton resonance of toluene. 
A cyclopentadienyl proton resonance approximately five times as 
intense as the hydride resonance was also present and was assumed 
to be due to (77 5-05H5)Fe(C0)2H. 
1(775-05H51F0C0)477 1 -C1-12NHICH31211C1, 7. Two grams (8.5 mmol) 
of 1(77 5 -0 5 1-15)Fe(C0)2[7P-CH2N(CH3)2]1 was dissolved in 50 mL 
of medium petroleum ether in a three-necked flask fitted with a ni-
trogen bubbler system and a gas inlet. Gaseous HCl was bubbled into 
the solution for 5 min. Precipitation of a yellow solid occurred im-
mediately. After stirring for I h. with occasional addition of HO. the 
precipitate was collected, washed with ether, and dried to give a nearly 
quantitative yield of crude product. Recrystallization from hot ace-
tonitrile/ether gave 1.60 g (70%) of l(r1 5-051-15)Fe(C0)2[17 1 - 
CH2lst.H(CH3)211C1 as fine, yellow crystals. Anal. Calcd for 
C1oHi4NFeC102: C. 44.24; H, 5.20; N, 5.16: Fe, 20.57: Cl. 13.06. 
Found: C, 44.47; H, 5.39: N, 5.28; Fe, 20.32; CI, 12.77. 
111115-05Hs)FeKOWni-CH2N(CH3)3111, 8. A 2.0-g portion of Re-
C5Hs)Fe(C0)2[ 11 1-C H2N(CH3)2]1. 8.5 mmol, was dissolved in 25 
mL of medium petroleum ether and 1.8 g (12.8 mmol) of methyl io-
dide was added. Precipitation of solid began immediately. After 
stirring for 5 h at room temperature. the product was collected and 
washed with ether. The crude salt was recrystallized from hot aceto-
nitrile/ether to yield 2.20 g (69%) of bright yellow-orange crystals. 
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1, 33.66. Found: C, 34.76: H. 4.28: N. 3.71; Fe, 14.75; 1.32.81. 
1(r/5-C311-13)Fe(COljnI-CH2N(CH3tztBH3111. 9. A 1.50-g (6.4 mmol) 
portion of 1(71 5-05Hs)Fe(C0)21 71 1 -0-12N(cH))211 was dissolved in 
25 mL of THF in a three-necked flask connected to a nitrogen bubbler 
system. The flask was cooled to -78 °C and a stoichiometric amount 
of BH3:THF in THF was added by syringe. The reaction mixture was 
stirred and allowed to warm slowly to room temperature. After an 
hour at room temperature. the solvent was evaporated under vacuum. 
The crude product was taken up in ether, petroleum ether was added, 
and solvent was evaporated to yield bright yellow crystals which were 
collected, washed with petroleum ether, and dried, yield 1.05 g (66%). 
Anal. Calcd for CioH I 6FeNO213: C, 48.26; H, 6.47; N, 5.63; Fe, 22.44. 
Found: C, 47.83, 48.22; H, 6.35, 6.22; N, 5.70, 5.98; Fe, 21.84, 
21.46. 
l0/5-Cslls/Fe(C0)2N I-CH2N(CH312(BF3)11, 10. A three-necked flask 
quipped with a dropping funnel and a nitrogen inlet was charged with 
1.0 g (4.25 mmol) of 1(77 5-CsH3)Fe(C0)217/LCH2N(CH3)211 in 25 
mL of ether. A stoichiometric amount of boron trifluoride etherate, 
0.60g, was mixed with ether in the dropping funnel. After cooling the 
flask to -78 °C the boron trifluoride etherate solution was added over 
25 min. Solid precipitated immediately. After warming to room 
temperature, the mixture was stirred for several hours. Petroleum 
ether was added to precipitate more of the product, which was then 
collected, washed, and dried. Recrystallization from hot THF/pe-
troieum ether gave 0.58 g (45%) of a yellow orange solid. Anal. Calcd 
for CwH13NFe0213 F3: C, 39.65; H, 4.33; N, 4.62; Fe, 18.44. Found: 
C, 39.37; H, 4.44; N, 4.57; Fe, 18.15. 
Reaction of ke-c51-15)Fe(co)zi I-CH2N(CH3)211 with CH3C0C1. 
Under nitrogen, a 2.00-g (8.5 mmol) portion of (71 5-C6H3)- 
Fe(C0)2( 71 1-CH2N(04.3)2) was dissolved in 50 mL of hexane in a 
100-mL three-necked flask. A dropping funnel containing 20 mL of 
hexane and 0.70 mL (about 0.77 g, 9.00 mmol) of acetyl chloride 
(fractionally distilled from NIV-dimethylaniline) was attached to the 
third neck of the flask. The'flask was cooled to -78 °C with a dry ice 
bath and the solution of acetyl chloride added over a l5-min period. 
A yellow solid formed in the cold reaction mixture. After maintaining 
the reaction mixture at -78 °C for an additional 45 min. it was al-
lowed to warm slowly to room temperature. A small quantity (0.05 
g) of insoluble grey-brown powder was removed by filtration; com-
parison of the infrared spectrum of the filtrate with that of the starting 
solution indicated . complete consumption of the starting material. The 
solvent was evaporated from the filtrate to yield a dark brown-red gel, 
whose NMR spectrum showed it to consist of an equimolar mixture 
of (t1s-05H5)Fe(C0)2(ri -CH 2C1) and NA-dirnet hylacetamide. The 
product was kept at -10 °C for several days, which caused it to sep-
arate into an orange solid and a clear oil. The latter was removed by 
washing the solid twice with small amounts of cold hexane. After 
drying in vacuum, 1.40 g (73'1) of a yellow orance solid, identified 
as (rl 5 -05F1 5 )Fe(C0) 2 (ni - CH : C1) by comparison of its infrared and 
NMR spectra with that of an authentic sample, NA as obtained. 
Reaction of 1(77 5-C3115)FetC0121n 1 -CH2N(CH3)111 with Trifluo-
roacetic Anhydride. A three-necked flask containing a solution of 1_50 
g (6.4 mmol)of1(77 5-C3HcFe(C0)2[77 1 -CH,N(CH3)fll in 30 mL of 
hexane was placed under nitrogen and cooled at -78 °C. The cold 
solution was treated with 1.64 g (7.8 mmol) of trifluoroacetic anhy-
dride, added slowly with a gas tight syringe. An immediate color 
change from yellow-orange to blood red was observed. The reaction 
mixture was stirred for 2 h at -78 °C. Theinfrared spectrum of the 
reaction mixture showed no absorptions from the starting material 
and the appearance of two new, terminal carbonyl absorptions as well 
as two new bands between 1710 and 1780 cm -1 . The flask was 
warmed slowly to room temperature and the solvent evaporated to 
yield an orange oil. The residue was chromatographed on a silica gel 
column with hexane. The leading orange band yielded 1.20 g (62%) 
of 1(71 5-Cs1-15)Fe(C0)2HI-CH20C(0)CF311, 11, as an orange oil. 
Elution with ether/hexane of the second red band yielded a small 
amount of ((t1 5-05H5)Fe(CO)d 2. Anal. Calcd for CloH7FeF304: 
39.51; H, 2.32. Found: C, 39.76; H. 2.29. 
Reaction of l(re-05Hs1FOCOpil71i-CH 2N(CH3)211 with Trilluoro-
inethanesulfonic Anhydride. A solution of 1.50 g (6.4 mmol) of 
1(r75-C31-13)Fe(C0)2[77 1 -cH 2N(CH3)2]1 in 40 ml of hexane contained 
in a three-necked flask was cooled to -78 °C, and 1.84 g (6.5 mmol) 
of trifluoromethanesulfonic anhydride was slowly added to the cold 
solution with a gas-tight syringe. Immediately upon addition, a yellow 
powdery solid formed. The reaction mixture was stirred at -78 °C 
for 1 h, then warmed to room temperature, filtered, and the filtered  
solid washed with ether. The yellow powdery product was recrystal-
lized from acctonitrile/ether to give 1.65 g, 90% of bright yellow 
crystalline 10 5 -05H3)Fe(C0)2171 1 -CH2N(CH3)211S03CF3, 12, 
identified on the basis of IR, NMR, and microanalytical data. Anal. 
Calcd for C19E120Fe2NSF307: C, 39.68; H, 3.51; N, 2.44; S, 5.58. 
Found: C, 38.86; H, 3.45; N. 2.67; S, 6.11. 
1(715-C3F13)Fe(CO1[77 1-CH2N(CH3)211, 13. A solution of 3.0 g of 
l(7ts-C31-15)Fe(C0)2[ 71 1 -CH2N(CH3)2]1 in 90 mL of ether was placed 
in a quartz tube equipped with a water-cooled cold finger and a ni-
trogen inlet. The tube was irradiated with light from a 200-W Hanovia 
mercury lamp. Infrared spectra of samples of the reaction rpixture 
indicated rapid disappearance of the starting material, with complete 
reaction after about 3.5-h irradiation. The solution was transferred 
to a round-bottomed flask, the ether evaporated, and the residue ex-
tracted with several portions of medium petroleum ether. After fil-
tration the solvent was evaporated, producing an oily material that 
sublimed in vacuo at 55 °C to yield 1.65 g (63%) of sublimed material 
as long, thin, dark red needles. Anal. Calcd for C9H13NFe0:C, 52.41; 
H, 6.30; N, 6.73; Fe, 26.85. Found: C, 52.40; H, 6.29; N, 6.36; Fe, 
26.29. 
1(//5-CslisFe(CO1[(CoH3)P(CH3)21 11 3 -CH2N(CH3)211, 14. A 1.0-g 
(4.8 mmol) portion of 1(>I 5-C31-13)Fe(CO)N 2-CH2N(CH3)211 was 
dissolved in 25 mL of THF and 0.76 g (5.5 mmol) of (C3I-15)P(CH3)2 
was added. The solution was stirred overnight after which the solvent 
and excess phosphine were removed under vacuum. An NMR spec-
trum of the resulting brown oil indicated nearly complete reaction, 
with only *.races of the starting materials detectable. Attempts at 
crystallization of the product from THF/petrolcum ether or ether 
either at -78 °C or by evaporation cooling were not successful. The 
identity of the compound was confirmed by its NMR spectrum. 
1(175-Cslls)Fe(COCC61-4/21)(CH3)1n 1 -CH2N(C1-13/211. 15. Reaction 
of 0.60 g (2.9 mmol) of1(73 5-C31-13)Fe(CO)In 2-CH2N(CH3)2]1 with 
0.70 g (3.5 mmol) of (C6H5)2P(CH3) as described above also gave 
the desired compound as brown oil. All attempts at crystallization 
failed. The identity of the compound was confirmed by its NMR 
spectrum. 
1075-05H5Te(CO)((C4115)2P(CHAni-C112N(013)2•BF311, 16. A 
solutiOn of 1.2 g (3.0 mmol) of 1(r1 5-C31-13)Fe(C0)- 
1(C6F15)2P(CH3)]En i -CH2N(CH3)211 in THF was treated with an 
excess of distilled boron trifluoride-etherate (0.60 g, 4.2 mmol) dis-
solved in 30 mL of 50:50 THF/ether. A solid formed after about 30 
min. After the reaction mixture was stirred overnight, additional THF 
was added to dissolve the yellow solid and the solution was filtered. 
Part of the solvent was evaporated off and ether added. After further 
evaporation of solvent a yellow powdery solid was obtained: This solid 
was recrystallized by dissolution in acetonitrile, filtration of the so-
lution, and evaporation of solvent until solid began to form. Crystal-
lization was completed by cooling the mixture overnight at 0 °C. The 
supernatant was removed while cold and the weli-formed orange 
crystals washed with ether and dried in vacuo: Yield 0.45 g (32%). A 
second crop was obtained by evaporation of the mother liquor.Anal. 
Calcd for C221426FeNOPBF3: C, 55.62; H, 5.52; N, 2.95; Fe, 11.76. 
Found: C, 55.18; H, 5.45; N, 2.92; Fe, 11.14. 
Infrared measurements were made whenever possible on cyclo-
hexane solutions by using 0.05- or 0.1-mm cells with NaCI windows 
and a Perkin-Elmer 521 or 621 spectrophotometer. Spectra shown 
in Figure 2 were obtained with a scan speed of 50 cm -1 /min and a 
linear 10X scale expansion. Calibration of each spectrum was made 
using indene. Compounds not soluble in cyclohexane were examined 
in THF or CH3CN. Variable temperature spectra were obtained by 
using an Air Products Cryotip low-temperature ce11 33 in conjunction 
with the Perkin-Elmer 621 spectrophotometer. The cell path length 
was about (.2 mm. Temperature measurements were made with a 
thermistor mounted on the tail stock of the refrigerator. Both meth-
ylcyclohcxane and hexane were used as solvents with identical re-
sults. 
Routine NMR spectra were obtained with a Varian T-60 spec-
trometer operated at -28 °C. The data given in Table I were obtained 
from such spectra. Low temperature spectra were obtained wilt 
Varian HA-100 or JEOL JNM-PS-100 spectrometers. 
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The chemistry of nickel in the formal 1+ oxidation state is very 
poorly defined at present_ Although several complexes have been 
isolated,' many have resulted from fortuitous syntheses and most 
are poorly characterized with respect to structure and reactivity 
patterns. Nickel(I) species are potential intermediates in reactions 
that involve Ni(0) = Ni(II) conversions, but few efforts have been 
made to detect them. Evidence is slowly accumulating that in-
dicates Ni(I) species participate in chemistry that is unrelated 
to their role in a Ni(0) = Ni(111 process. For example. various 
Ni(I) species are claimed to undergo oxidative—addition (to the 
3+ state) 2 and to react with oxygen'' (to give an adduct) and 
olefins. 3b 
This communication is a preliminary report on the synthesis 
and characterization of Ni(I) complexes of formula [(C 3 1-1 3)NiLT 
(L = R3P, R2POR, RP(OR) 2, P(OR) 3 ; L2 = diphos. 5 arphos, 5 
bpy, o-phcn) including the X-ray structure of CpNi(bpv). Our 
results indicate that these species arc intimatciv involved in a 
number of reactions of cyciopentadicnylnic'xel complexes. Two 
examples of this type of Ni(1) complex have been reported. Uhlig 
and Walther first isolated CpNi[PhP(n-Bul 2 J 2 according to re-
action 36 and later from (2)' (Table 1). More recently 
CpNiN(Ph)NNNPh was prepared from Cp 2 Ni and PhN 3 . 2 
Each of the reactions listed in Table I produced an EPR active 
product, although when L was a phosphorus(1I1) ester the EPR 
signal decayed after a short time regardless of the method of 
preparation. The same EPR active products were obtained in 
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D4 English, A. D.; -lesson, J. P.; Makin, P.; Tolman, C. A. J. Am. Chem. 
Soc. 1976, 98, 2156. 
(4) Hereafter C,H, will be abbreviated as Cp when the group is known 
or suspected to be bonded in pentahapto fashion. 
(5) Diphos is Ph 2PCH2CH2PPh2; arphos is Ph 2AsCHICH IPPh 2. 
(6) Uhlig, E.; Walther, H. Z. Chem. 1971. 11, 2.3. 
(7) Uhlig, E.; Walther, H. Z. Anorg, Allg. Chem. 1974, 409. 89. 
(8) Overboach, P.; van Koten, G. Overbeek, 0. J. Am. Chem. Soc. 1980, 
102, 2091. 
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Figure 1. EPR spectra of CpNiL 2 Complexes. (A) CpNi(diphos): THF, 
25 °C; g = 2.068, A = 122 G. (B) CpNi[PPh(OMe) 2 ] 2 : toluene, 25 °C; 
g = 2.052, A 1 = 170 G, A2 = 180 G. (C) CpNi(arphos): THF, 25 °C; 
g = 2.075, = 100 G, A 4 = 170 G. (D) CpNi(bpy): THF, —196 °C; 
gt 81 2.184, g2 = 2.080, g2 = 2.033, A t = 8.4 G, A2 21 8.8 G, .1 3 ag'113 
G (from simulated spectrum). 
several cases by electrochemical reduction of [CpNiL 2 J + salts. 
Sample spectra are shown in Figure 1. Spectra of complexes that 
contain identical phosphorus ligands consist of 1:2:1 triplets except 
for the PhP(OMe) 2 and P(OMe) 3 complexes which give a doublet 
of doublets. . 1° Superhyperfine splitting was not resolved in the 
(9) The reason for the nonequivalence of the two donors in not known. 
(10) Mixed ligand complexes result from reaction of CpNiL 2 with 	The 
following complexes have been identified: 1CpNifPhP(n-Bu) 2 ][13 (0Me) 3 1l. 
g = 2.057, Ar, = 189 G, and Ar e  =• 135 G; iCpNi[P(n-Bu) 3 J[P(OMe) 1 11, g 
.o 2.055, 4 = 212 G, and A, 3 140 G; ICpNi[PhP(n-Bu) 2](C0)1, g = 2.036 
and Ar = 150 G. For comparison, the parameters of the precursor complexes 
are as follows: PlaP(n - fiu) 2, g = 2.076, A = 117 G; P(n-Bu)3, g a 2.075, A 
OR 125 G; for the bis(trimethyl phosphite) complex, g = 2.051 and A • ■ 193 
and 208 G. 
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Table I. Reactions Leading to Formation of CpNiL, Complexes 
reactants 
	
ligands and condittonsa-b 
THF, room temperature 
L = Ph,P; THF, 25 °C. L = 
PhP(n-Bu),: THF or hexane, 
60 °C. L = diphos, PhP(CH,),, 
Ph,PCH,, THF, 60 °C. 
L = PhP(n-Bu),, P(n-Bu),, PEt,, 
bpy, o-phen, diphos; THF or 
hexane, 60 °C. L = Ph,P0Me, 
PhP(OMe), c1%). P(OMe),; 
toluene, 25 C. 
L = diphos (100%), PP11 3, 
PhP(n-Bu),, P(n-Bu), (67%), 
Ph,POMe (4%); THF, 25 °C. 
L= diphos (98%), bpy, arphos, 
PPh„ PhP(n-Bu)„ (92%), 
PMe,, PhPMe,, P(n-Bu), 
(55%); THF; 25 °C. 
L = PhPMe„ P(n-Bu),; hexane 
or benzene, SO °C. 
L = PhP(n-Bu),, P(n-Bu),, 
P(OMe) 3 ; THF, 25 °C. 
L= P(OMe),, P(n-Bu),; THF, 
25 °C. 
All reactions were conducted under N, in a glove box or with 
appropriate glassware. EPR samples were prepared in the glove 
box. b Yields are highly variable as are stabilities of the products. 
Most reactions were not surveyed for yield; the yields indicated 
were obtained by comparison of the integral of the EPR spectrum 
taken on a filtered reaction mixture with that obtained for 
Ti(acac), in a THF solution of known and comparable concentra-
tion. Since Ni(I) complexes of phosphorust111) ester are unstable, . 
the valuegiven refers to the highest conversion seen in a given ex-
periment. c Phosphines of the type Ph,PR, as well as Ph,P, yield 
L.Ni(s) in hexane although very weak EPR signals due to the 
nickel(l) species were detectable for the green supernatant which 
contained unreacted nickelocene. Reactions conducted in THF 
were homogeneous, and strong EPR signals due to the Ni(1) com-
plex were observed. d EPR sitmals corresponding to CpNi(CO)L 
were also detected for L = P(OMe),. 12 Ultimate products are 












Figure 2. ORTEP drawing of CpNi(bpy). Hydrogen atoms are not shown; 
probability ellipsoids are shown at the 50% level. Numbering scheme 
applies to data in Tables 4-7 in the supplementary material. 
isotropic spectra of the bpy and o-phen derivatives; however, the 
expected five-line patterns were observed for each g tensor com-
ponent of anisotropic spectra (illustrated for the bpy complex in 
Figure 1D). 11 The hyperfine coupling patterns and g values are 
consistent with the presence of an S 1/2 complex ligated by two 
group 5 donors. 
Although readily formed, the air-sensitive paramagnetic 
products were very difficult to isolate because of their high sol-
ubility and their tendency to decompose to Cp2Ni and Nil,,, vide 
(11) CpNiN(Pb)NNNPh' also displays a rhombic EPR spectrum at -196 
(THF-toluene) t t 	1.97, z 2 2.01, and gi 	108. Only g2 shows 
superhyperfine splitting by the two nitrogen donors. 
0.0 	-0.5 	-1.0 
	-1.5 
Volts 
Figure 3. Cyclic voltammetry traces obtained at 200 niVis on 0.1 M 
(n-Bu) 4NBF4/CH,CN solutions vs. 0.1 M Ag+/Ag reference. (A) 10-3 
M (CpNi(PP13 3 ) 2)PF‘; (B) 10-3 M [CpNi(PP113) 2)PF, + 10-2 M PPh,; 
(C) 10-3 M Cp2Ni + 10-3 M Ni(PPh 3 )4 . 
infra. However, CpNi(diphos) and CpNi(bpy) (Figure 2) as well 
as the previously reported CpNi[PPh(n-Bu) 2 j 2 were isolated in 
analytically pure form. I2 Each of these dark-blue compounds 
has a magnetic moment 13 consistent with their formulation as d 9 
 complexes, and each had an isotropic EPR spectrum identical with 
that observed for the appropriate reaction mixtures listed in Table 
I. These observations strongly suggest that all of the EPR active 
products have the composition CpNiL 2 and contain nickel in the 
formal 1+ oxidation state. 
Unfortunately, the EPR data provide no details concerning the 
mode of bonding of the cyclopentadienyl group to the nickel atom. 
By conventional electron counting, the complexes are 19 or 17 
e systems depending upon whether the C 5 F1 5 moiety is bonded 
in 77 5 or n3 fashion. Uhlig and Walther tentatively suggested,' 
on the basis of infrared spectral data, that the cyclopentadienyl 
group in the PbP(n-Bu) 2 complex might be bonded in an n' 
manner. An X-ray structure determination 14 on the bpy complex 
(12) The bpy complex was prepared by reaction 3 (Table I); 3-5-h reflux 
followed by filtration and subsequent evaporation of the THF solvent. Bpy/Ni 
ratios up to 3:1 were employed. The yield of dark blue-violet product was 
about 40%. The crystal of this complex chosen for X-ray analysis was ob-
tained by evaporative cooling of a THF solution. The diphos complex was 
prepared byjeaction 5. After a 2 13 reaction time the THF solution was 
evaporated and the residue taken up in benzene and passed over a short 
alumina column. Concentration of the solution gave a blue amorphous solid 
(78%). The PhP(n-Bu) 2 complex was prepared by Uhlig's procedure' in 
isolated yields in the range 30-60%. 
(13) The presence of one unpaired electron is indicated by the magnetic 
moments (p g) of the bpy and diphos complexes which were 1.69 and 1.76, . 
respectively (obtained by the Evans NMR method). Uhlig and Walther found 
,• 1.76 for the PhP(n-Bu) 2 complex. 
(14) Crystal data and details of data collection and refinement details are 
contained in Tables 2 and 3 (available as supplementary material). The 
structure was solved by Patterson, difference Fourier, and full-matrix least-
squares techniques using the sHo...x-76 program package and a CDC Cyber 
76/6400 computer. Positional and anisotropic thermal parameters of non-
hydrogen atoms were refined. Hydrogen atoms were included in calculated 
positions (carbon atoms sp 2 hybridization; C-H distances (1.08 A) with re-
finement of isotropic thermal parameters. At convergence R m 0.047 with 
0.048 for 1673 data with F > 3e (F). Data were not corrected for 
absorption. Tables 4-8 (available as supplementary material) contain final 
positional and anisotropic thermal parameters for nonhydrogen atoms (Table 
4), final positional and isotropic thermal -parameters for hydrogen atoms 
(Table 5). interatomic distances and angles (Table 6), least-squares planes 
(Table 7) and structure factor tables (Table 8). 
(1) (Ph iP),NiC1 + NaCp 
(2) Cp,Ni + L„Ni 
(3) Cp,h8 + 2L or L, 
(4) CpNiL; + NaCp 
(3) L,NiX, + NaCp 
X = Br 
• 
(6) CpNiNO + excess L 
(7) [CpNiC0j, + excess La 
s, (8) [CpNi(CH,PPti,),r + 
-- -9----4.11 raurucations to t e E . tor 
shows that the C 5H 5 group is pcntahapto. A drawing of the 
molecule is shown in Figure 3. Nickel-nitrogen atom distances 
are equal [1.955 (3) and 1.958 (4)Al, and the cyclopentadienyl 
ligand is planar" with nickel-carbon distances ranging from 2.17 
(4) to 2.22 (4) A."' The nickel atom is 1.844 A from the plane 
of the cyclopentadienyl carbon atoms which is at an angle of 89.1° 
to the plane defined by the nickel and bipyridyl ligand atoms. 
There is no indication of an 71 interaction for the cyclopentadienyl 
group of the type found for one ring in (C 5 H 5 ) 2 W(C0) 2 , 17 and 
CpNi(bpy) should be considered as a 19 e species, at least in the 
solid state. 
The reaction of nickelocene with phosphorus ligands is a useful 
synthetic procedure for preparit,g NiL 4 complexes. Our results 
indicate that CpNiL2 complexes are intermediates in these re-
actions. The stability of the nickel(I) complexes varies consid-
erably; EPR signals for phosphine and nitrogen donor complexes 
persisted without change in intensity for long periods of time once 
equilibrium was established, whereas the complexes of phospho-
ms(III) esters were transients with NiL 4 complexes as the ultimate 
products. A kinetic study by Werner et al.' established the rate 
law -d[Cp2NO/dt = k[Cp2N0[1.] 2 for the producticin of Ni [P-
(0E03]4 in dioxane. It was assumed that the intermediate (clearly 
CpNiL2) reacted with additional ligand to produce Nil., and a 
second C5H, radical. 19 Although this pathway cannot be ex-
cluded, several observations indicate that an alternative pathway 
involves cyclopentadienyl transfer between two CpNiL 2 molecules 
to yield Cp2Ni and NiL4. 
The existence of a ring-transfer process is particularly evident 
far.[CpNi(PPh 3)2]. A mixture of Cp2Ni and Ni(PP113), (1:1) gave 
a dark brown solution 2° identical with that obtained from the 
reaction -of (Ph 3P) 3NiCI with NaCp, (both in THF) and an 
identical 1:2:1 triplet in the EPR spectrum. .Cyclic voltammetry 
scans on [CpNi(PP13 3 ) 2 ]PF6 showed a cathodic wave at -1.25 V, 
a much smaller anodic wave at -1.18 V (ipappc < 0.6), and an 
anodic wave at -0.35 V corresponding to nickelocene (Figure 3a). 
CV scans of a mixture of nickelocene and Ni(PPh 3 )4 showed the 
same irreversible process observed for the cationic complex (Figure 
3c).2' Thus nickelocene and the Ni(0) complex arc in equilibrium 
with the Ni(I) complex and the disproportionation of Ni(1) is fast 
compared to the CV time scale. Addition of a 10-fold excess of 
triphenylphosphine to [Cptii(PPh 3 ) z r results in completely re-
versible electrochemical behavior (Figure 3b) and suggests that 
the formation of nickelocene proceeds via the 17 e- species, 
CpNiPPh3, which is formed by dissociation of triphenyiphosphine. 
Other CpNiL 2+ salts undergo reduction when the potential 
range is from -1.1 to -1.7 V with ‘ -arvina degrees of 
Anodic waves for one or more products were observed for irre-
versible cases. In some instances these included nielkeiocene. but 
in others it was not detectable!~ Although both the Ph,POMc 
and the PhP(OMe) 2 complexes showed reversible behavior, bulk 
(15) Maximum deviation from the least-squares plane defined by the five 
carbon atoms is 0.006 A. 
(16) For comparison, Cp2 Ni has' Ni-C distance of 2.196 (8) A (Hedberg. 
L.; Hedberg, K. J. Chem. Phys. 1910, 53. 1228) and the Ni-C(Cpl distances 
average 2.14 A in CpNi(PPh 3 )Ar (Ar C5 H 3 or C3 F 3 1 (Churchill, M. R.; 
O'Brien, T. A. J. Chem. Soc. A 1969, 266; 1968, 2910). 
(17) W-C distances for the Is' ring were 2.28. 2A0, and 2.98 A. Huttner, 
Brintzinger, H. H.; Bell, L. G.; Friedrich. P.; Bejenke, V., Neugebauer, 
D. J. Organomet. Chem. 1978, 145, 329. 
(18) Werner, H.; Harder, V.; Deckelmann, E. He!,,. Claim. Ada 1969, 52, 
1081. 
(19) Direct evidence for the formation of C slis radical has not been ob-
tained. 
(20) The blue-violet color observed for other phosphine derivatives is ap-
parently masked by the intense color of Ni(PPh3)4. 
(21) Ni(PPh 3 ), should also be electroactive in this potential range; Kochi 
r Eir2 for Ni(PPli2), (I Cr ) M in CH,CN) to be -1.1 V (corrected to 0.1 A ts z/Ag) (Tsou, T. T.; Kochi, J. K.; J. Ant. Chem. Soc. 1979, 101, 6319). 
However, we have observed poorly defined waves and low diffusion currents 
for this complex at concentrations <10 2 M. 
(22) There are a number of possibilities for "decomposition" products 
including the formation of analogues to the di-u-(cyclopentadienyl)bis(hg-
and)dipalladium(I) complexes reported by Werner (Werner, H.; Kraus, H. 
I. Chem. Soc., Chem. Commun. 1979. 814) and Suzuki (Suzuki, K.; Jindo, 
A. heart Chim. Acta 1980, 44, 1-37), CV studies on (CpNiLd • in the 
presence of added L have not beta made for ligands other than PP11,. 
TO1,7572617777—FilT 
electrolysis produced nickelocene and NiL 4 . 
Information concerning the mechanism of reduction of 
[CpNiL2 ] + salts with NaCp (reactions 4 and 5) comes from the 
following experiment: CpNi(diphos) + was treated with 1.1 equiv 
of C 3 13 2- (87% deuterated) in THF, and the resulting Ni(I) 
product was oxidized with 1 2 to give CpNi(diphos)* in which the 
cyclopentadienyl ligand was 41% dcuterated (determined by in-
tegration of the NMR spectrum). This result is consistent with 
the presence of an intermediate in which the two cyclopentadienyl 
ligands are bonded to the nickel atom and equilibrated through 
symmetry or a dynamic process, e.g., 
16 e 	 18 ir 
It is not unreasonable to expect that the formation of CpNiL 2 from 
nickelocene occurs via the same type of intermediate. 
The ylide complex, [CpNi(CH 2PPh 3 ) 2 ] +, which was recently 
reported as the product of Cp 2Ni + 2 CH 2-PPh3+ ,23 is one of the 
few examples of a product resulting from displacement of C 5HC 
by a neutral ligand. 2  Although only the PF6 and BP1a4- salts 
were characterized by Booth, 23 we have isolated the cyclo-
pentaclienyl salt as the direct product of the displacement reaction 
and find that it reacts with phosphines to produce CpNiL 2 species. 
No EPR signal was observed for a monophosphine product, which 
suggests that reduction by the C sH 5- anion does not occur until 
both ylide ligands are substituted. Cyclic voltammetry scans on 
[CpNi(CH2 PP11 3) 2]13F6 (same conditions as given for Figure 3) 
showed that the complex was irreversibly reduced at V 
but was reversibly oxidized with E,12 = -0.21 V. 
The diverse behavior of the nickelocene CHCPPh 3° system 
compared to that of group 5 donors is consistent with the idea 
that 7-bonding ligands stabilize lower oxidation states whereas 
they are destabilized by coordination of good a donors. In fact, 
it is surprising to us that the cyclopentadienidc anion functions 
as a reducing agent in any case if the primary oxidation product 
is C 3 F1 3 radical since for the radical is 42 kcal/mol greater 
than that of the anion (in the gas phase); Anions such as C6' 
H5CH2- and CH3 do not function as reducing agents under similar 
conditions, e.g., 
cotificlphoe + crynger 	CpiVikfiphos) 
TPV‘Ae 
CIA 	+ amass PFt 2Me 	CoNli(PPhmel2 
CH2Ph 
It is not clear whether the nickel-a-cyclopentadienyl bond is much 
lower in energy than other nickel-carbon a bonds or if the ef-
fectiveness of the anion as a reducing agent is due to an anchimeric 
process involving the cyclopentadienyl double bonds. 26 This point 
as well as other reactions of these fascinating compounds are under 
study. 
Acknowledgment. The combined support of the National 
Science Foundation and Research Corporation, which supplied 
funds for purchase of an inert atmosphere box in the early stages 
(23) Booth, B. L-: Smith, K. G. J. Organomet. Chem. 1979, 178, 361. 
(24) The only other example known to us is the claim that Cp 2Ni yields 
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without distillation:: One gram of the mixture was heated with 
,0.1 g of cuprous bromide at 55 °C for 2.5 h with magnetic st irring. 
The sample was filtered on a sintered glass funnel and its com-
position determined by gas chromatography. This analysis showed 
that the mixture was 11% 8 and 89% 13. 
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Organometallic Chemistry of Carbon—Nitrogen Multiple Bonds. 
3. Reaction of Tris(triphenylphosphine)platinum(0) with 
Dimethylmethyleniminium Chloride. X-ray Structures of the 
Products [(Ph 3P)PtCH 2 N(CH 3 ) 2CH2N(CH3 ) 2 (CI)]Cl and 
CIS P h3P P [ CHN CH3)2]Cl2] 
E. K. Barefield, • A. M. Carrier, D. J. Sepelak, and D. G. Van Derveer 
School of Chemistry. Georgia Institute of Technology, Atlanta, Georgia 30332 
Received May 15, 1981 
Tris(triphenylphosphine)platinum(0) reacts with [(CH 3) 2Nr=CH2]Cl in THE to yield [(Ph3P)- 
PtCH2N(CH3) 2CH.N(CH 3) 2 (CMCI (A) which may be considered as a complex of the bidentate ylide ligand 
. -CH2NICH3) 2CH9ti(CH 3), When heated in acetonitrile, A converts quantitatively to the carbene complex 
cia-f(Ph3P)Pt[CHN(C1 -13)212i (B) (vC  = 1611 cm-1 ) and (CH3) 3N. This decomposition is dependent upon 
the presence of a coordinating anion as shown by the stability of the BF, - salt of A in CH 3CN. The results 
of single -crystal X-ray structures for A and 13 are presented. Crystal data are as follows. A: space group 
P21 /c, a = 13.86 (1) A, b = 8.933 (2) A, c = 19.52 (1) A, d = 98.65 (6)°, Z= 4, pc„jcd = 1.791 g cra-3, pawl 
LI 1.77 g cm-3. B: space group a a = 20.400 (8) A, a = 117.68 (3) ° , Z = 6, = 1.763 g cm -3, p e, 1 = 
1.77 g cm-3. A has Pt-L distances of P. 2.223 (2) A. Cl, 2.362 (2) A, N, 2.134 (4) A:and C, 2.017 (5) A. 
The Pt-C distance is the shortest presently known for an sp' carbon (without fluorine substituents) bonded 
trans to chlorine. B has Pt-L distances of P, 2.220 (2) A, C1(1), 2.347 (3) A, C1(2), 2.345 (3) A, and C, 1.96 
(1) A. The dihedral angle between the car bene and coordination planes is 84°. 
Introduction 
An earlier publication dealt with the syntheses of 
1(13/13P)Ni(X)[n 2-CHnN(CH 3 1 2 1} (X = Cl. Br, I) (I) and the 
single -crystal X -ray structure of the chloro complex.' 
These complexes were prepared from (Ph,P),Ni or 
(Ph3P) 2 Ni(C2 1-1 4 ) and dimethylmethvleniminium halides 
(A) and represented the first phase of our invest _,rations 
of the organometallic chemistry of iminium salts.' The 
analogous reaction of (Ph3P),Pt with A (X = Cl) produced 
a complex that analyzed for Ph 3P, Pt, and iminium salt 
in the ration 1:1:2. The NAIR and infrared spectra of this 
(>N=CH2)X 
m 
compound did not help in the assignment of a structure. 
A single crystal X-ray structure shows that the complex 
has structure II, which may be considered as a complex 
of the bidentate ylide ligand -CH2 N+(CH3),;CH 2N(CH3) 2. 
This compound converts to the carbene complex III and 
(CH3) 3N under mild conditions. The single-crystal X-ray 
structure of the carbene complex indicates that it has the 
(1) Sepelak, D. J.; Pierpont, C. G.; Barefield, E. K.; Buds, J. T.; Pot-
fenberger, C. A. J. Am. Chem. Soc. 1978, 98, 6178. 
(2) Part 2 of the series deals with reactions of CpFe(C0) 2- with imi-
nium salts: Barefield, E. K.; Sepelak, D. J. J. Am. Chem. Soc. 1979, 101, 
6542.  
cis stereochemistry. The chemistry of these complexes, 
details of the structures, and a discussion of the probable 
mechanisms of reactions of iminium salts with zero-valent 
d'° metals are the subjects of this paper. 
Experimental Section 
Preparative work was conducted in a Vacuum Atmospheres 
glovebox under a nitrogen atmosphere. Solvents were distilled 
from drying agents under a nitrogen atmosphere. Dimethyl-
methyleniminium chloride' and (Ph3P) 3Pt° were prepared by 
literature methods. 
i(Ph3P)PtCH 2 N(CH3)2CH2N(CH3)2(C1)]Cl. A suspension 
of 0.5 g (0.4 mmol) of (Ph 3P) 3Pt and 0.15 g (1.6 mmol) of [(C-
H 3)2N---CH 2]C1 in 50 mL of THF was stirred overnight. The 
off-white solid was collected by filtration and extracted on the 
frit with three 5-mL portions of CH 2C1 2. Addition of ether to the 
extracts gave the product as a microcrystalline off-white material. 
Yield: 0.2 g or 78%. AnaL Calcd for PtC 24 H3I N2C1 2P: C, 44.71; 
H, 4.85; N, 4.35; Cl, 11.00. Found: C, 42.89, 42.88, 43.56; Y, 4.99, 
4.97, 4.50; N, 4.41, 4.24; Cl, 10.87. Crystallographic quality crystals 
were obtained by evaporation of an acetonitrile solution of the 
complex. 
i(Ph3P)f) tC112N(CH3)2C112N(OH3)2C1]1:1F4. Metathesis to 
the fluoroborate was accomplished by dissolving 1.25 g of the 
chloride in 125 mL of acetonitrile and adding a 10% excess of 
NaBF4. After precipitated NaCI was removed the volume was 
reduced to half and the solution was stored at -3 °C for overnight; 
a second crop of NaCI was removed by filtration. After the volume 
(3) B6hme, H.; Hartke, K. Chem. Ber. 1963, 93, 1305. 
(4) Ugo, R.; Cariati, F.; LaMonica, G. Inorg. Synth. 1968, 11, 105. 
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no. of reflctns used to determine cell constants 
and their 20 limits, deg 
Pealed • g an 3 





























0.40 x 0.60 
(8) 
(3) 
20 < 34.75 
a By flotation in carbon tetrachloride/1,2-dibromoethane. 
Table II. Data Collection and Refinement Details for 




Mo ICF/, 0.71069 
6.75 
0-28 




4 < 20 < 50 
-h,0,0 -h,-k,0 	+h,+k,+I : 
+h,+ k,+I Ihl < I, ikl < 1 







monochromator (Bragg 20 angle, deg) 
radiation, A 
take-off angle, deg 
scan method 
scan speed, min/max, deg min"' 
scan width, deg 
bkgd/scan time ratio (TR)° 
no. of standards 
(monitoring freq, no. of reflctns) 
20 limits of data, deg 
h,k,I 
no. of data 
no. of data used in final refinement 
no. of data/no. of variables 
cm 1 
(E I Fe l - I Fe t )/(z I Fo r) 
(function minimized = ( IF 0 1 - I Fc 1) 2 ) 
Background counts measured before (BG1) and at the end ( BG 2) of the scan. Intensities determined from total scan 
(CT) and background (BG) counts by I = CT - 	BG1 BG2). o f = [CT + (TR) 2 (BG1 BC2)1" 2 . Fo = (1/Lp)"' 
where Lp is the Lorentz and polarization correction. b Standard reflections were as follows. A: 0,0,8; 0,2,0; 7,0.0. B: 
0,0,5; 0,5,0; 5,0,0. c  I > 30 1, d F > 3aF: op = all2(F)(Lp). e Data were corrected for absorption by an empirical 
method based on qi scans of reflections near x = 90'; average /max 	= 2.9 for A and 1.39 for B. f  R W = 
[r.w(IFo l - IFc 1) 2 12: w(IF0 1) 2 ]"; w = 4110 1, g 	= [1(1Fo l - Fcb(u) 112 )1(E(IF01)(w 1 ")]; w nl(aF 2 + mF2 ) in the final 
cycle. n was 2.86 and rn was 5.1 x 10 -4 . 
of the filtrate was reduced to ca. 25 mL. about 10 rnL of ether 
was added and the solution again stored at -3 °C overnight. The 
white crystalline fluoroborate salt was collected. washed with ether, 
and dried in vacuo. Anal. Calcd for PtC 2,1-1,11 N2 PC11.3F 4 : C, 41.43; 
H, 4.49; N, 4.03. Found: C. 41.35: H. 4.52: N. 4.02. 
l(Ph 3P)PtICHN(CII,OACU. An acetonitrile solution of 
[(13113P)PtCH 2N(CH 3 ) 2CH 2N(CH 3 ) 2 (C1)1CI was heated at reflux 
for 10 min. After the solution cooled, the volume was reduced 
under vacuum to give white crystals of the product, which were 
collected, washed with ether, and dried in vacuo. Two modifi-
cations were obtained in separate preparations. One of these 
showed a single pe t; at 1611 cm -1  whereas the other showed two 
bands at 1611 and 1622 cm-I (solid state, Nujol mull). The exact 
conditions leading to a predictable formation of a given modi-
fication were not determined. Anal. Calcd for PtC 21 H.....NPC1 2: 
C, 43.09; H, 3.79; N, 2.39. Found: C, 42.34: H, 3.93; N, 2.30. 
-Crystals for X-ray data collection of the form having only the 
1611-cm-I infrared stretch were grown by addition of ether to an 
acetonitrile solution of the complex followed by cooling at -3 °C 
overnight. 
Solution and Refinement of the Structures of [(Ph 3P)- 
PtCH2N(C113 ) 2CILN(CH 3 ) 2 (C1)1C1 (A) and f(Ph,P)Pt[CIIN-
(CH3)21(C1)1(B). Crystal data are given in Table I and certain 
details of data collection and refinement in Table II. All com-
putations were done on a CDC Cyber 70/74 computer system. 
In the case of A the position of the platinum atom was de-
termined from a Patterson synthesis and after three cycles of 
least-squares refinement of the scale factor and platinum coor-
dinates R = 0.319. A difference Fourier map revealed the chlorine 
and phosphorus positions. These were included for three cycles 
of least-squares refinement in which the coordinates and isotropic 
thermal parameters of all atoms were allowed to vary (R = 0.195). 
A subsequent difference Fourier map revealed the positions of 
all carbon and nitrogen atoms. Inclusion of these atoms in the 
refinement gave R = 0.103 after three cycles. At this point the 
Pt, Cl, and P atoms were refined anisotropically for three cycles 
(R = 0.059). Hydrogen atom positions for all nonmethyl carbons 
were calculated by assuming sp 2 or spa geometry as appropriate. 
The position of at least one hydrogen atom attached to each 
methyl carbon was determined from a difference Fourier map, 
and positions of the remaining ones were calculated. All hydrogen 
atom positions were block refined for two cycles after which their 
coordinates and thermal parameters were held constant. All 
nonhydrogen atoms were then refined anisotropically to con-
vergence at R = 0.024 (R. = 0.023). 
Programs used included Zalkin's FORDAP Fourier summation 
program, Ibers Nuas5 modification of the Busing-Martin-Levy 
ORFLS full-matrix least-squares program, the Busing-Martin-Levy 
ORFFE function and error program, and various locally written 
programs. For structure factor calculations the scattering factors 
for nonhydrogen atoms were taken from Cromer and Weber's 
tabulation : 8 and Chose for hydrogen were Stewart's.° Scattering 
factors for Pt, P, and Cl were corrected for the real and imazinar• 
anomalous dispersion components by using the dispersion factors 
given by Cromer.? Positional and thermal parameters of non-
hydrogen atoms obtained in the last least-squares cycle are given 
in Table III. Tables of hydrogen atom positions and structure 
factors have been deposited. 
The structure of B was solved by direct methods. The position 
of the platinum atom was located via the E map showing the 
highest probability statistics and its positional parameters, iso-
tropic thermal parameter, and the scale factor were subjected to 
three cycles of least-squares refinement. R = 0.235 (all compu-
tations utilized Sheldrick's Shelx-76 program package). A sub-
sequent difference Fourier mg, revealed the positions of all 
nonhydrogen atoms. After three cycles of least-squares refinement 
of all positional and isotropic thermal parameters, the Pt, P, and 
Cl atoms were refined anisotropically for three additional 
least-squares cycles. At this point a difference Fourier map did 
not reveal any hydrogen atom positions; therefore. these were 
included in subsequent cycles of refinement in their calculated 
positions by assuming sp 2 or spa hybridization of the carbon atoms 
as appropriate, and thermal parameters of each group (phenyl, 
methyl, etc.) of hydrogen atoms were treated as a unit. Least-
squares refinement of hydrogen atom thermal parameters, pos-
itional and isotropic thermal parameters of phenyl group carbon 
atoms, and positional and anisotropic thermal parameters of the 
other nonhydrogen atoms was continued to convergence at R = 
0.047 and R„ = 0.049. In the final cycle the thermal parameter 
of the C(3) hydrogen atom unit was fixed at 0.15 as it had grown 
steadily in previous cycles. 
Scattering factors were taken from the current source : 8 those 
for all atoms except hydrogen were corrected for real and imag-
inary anomalous dispersion components.' Positional and thermal 
parameters of nonhydrogen atoms obtained in the last least-
squares cycle are given in Tables IV and V. Tables of hydrogen 
atom positions and structure factors have been deposited. 
Results 
Preparation and Spectral Characterization of 
[(Ph3P)PtCH,N(CH 3 ) 2N(CH3 ) 2C1r Salts and 
(Ph 3P)Pt[CHN(C11 3 ) 2C1 21. By analogy with our earlier 
work, in which we found that (Ph,P),Ni or (Ph 3 P),Ni-
(C2H4) reacted with excess [(CH 3 1 2 N-----CH2 1C1 in THE to 
give soluble {(Ph 3P)Ni [n = -CH „N(CH,) •II,' we expected 
a similar product from (Ph 3 P) 3 Pt. Instead, a THF-in-
soluble product that contained 2 equiv of iminium salt was 
consistently obtained, even from reactions involving 1:1 
ratios of reactants. The infrared spectrum of this material 
contained no absorptions for vinvlic CH or for C=N but 
gave no other information that could he used in structure 
assignment. The NMR spectra obtained initially varied 
with the solvent used and were not entirely reproducible 
in a given solvent, but they were not consistent with the 
presence of Nati,NW-tetramethylethylenediarnine which 
was initially considered as a possibility since reductive 
carbon-carbon bond formation can be achieved with cer-
tain nickel(0) reagents. 1° Poor reproducibility of the NMR 
spectrum was ultimately traced to the 'instability of the 
chelate complex and the presence of carbene complex in 
the NMR samples. Carefully handled and purified sam-
ples of both the chloro and fluoroborate complexes gave 
reproducible spectra (data and assignments are given in 
Table VI) which are consistent with the structure of the 
(5)Cromer, D. T.; Weber, J. T. Acta Crystallogr. 1965. 18, 105. 
(6) Stewart, R. F.; Davidson E. R.; Simpson, W. T. J. Chem. Phys. 
1965, 42, 3175. 
(7) Cromer, D. T. Acta Crystal:or. 1965. 18, 17. 
(8) "International Tables for Crystallography"; Kynoch Press: Bir-
mingham, England, 1974; Vol. II, Table 2.24. 
' 	(9) 'International Tables for Crystallography"; Knoch Frees: Sir- 
minghrnan England, 1974; Vol IV, Table 2.3.1. 
(10) Carrier, A. M.; Sepelak, D. J.; Barefield, E. K., unpublished re-
sults.  
cation as determined by X-ray diffraction (vide infra). The 
assignments of the different methylene and methyl reso-
nances are based on the relative sizes of the Pt coupling 
constants. It should be noted that the coordinated CH 2 
 resonance (45 3.26) is at somewhat higher field than the 
methine resonance in trans-l(o-CH 3 C 5H,N)Pt[CH-
(NC 5 1-1 4-o-CH 3)CH 2CH2Ph]C14 which is at b 5.6" and the 
24tH value is somewhat smaller (53 vs. 112 Hz). Since only 
one quaternary ammonium methyl resonance is detected, 
the chelate ring must undergo inversion at a rate that is 
rapid on the NMR time scale. 
When [(Ph 3P)PtCH2N(CH3)2N(CH3)2(C1)1C1 is heated 
in acetonitrile, quantitative conversion to cis-l(Ph 3P)Pt-
[CHN(CH 3) 2]C121 and (CH 3 ) 3N occurs as shown by the 
NMR spectrum of the 'reaction mixture. This complex was 
easily isolated by evaporation of the acetonitrile. Its in-
frared spectrum contains a band at 1611 cm -' for the C-N 
stretching absorption, which is the range observed for other 
secondary carbene complexes.a The 'H NMR spectrum 
contains methyl resonances at b 2.85 (singlet) and 3.52 
(VptH = 12 Hz) and the carbene carbon hydrogen at b 9.81 
= 22 Hz, 3Jpii = 4 Hz). Phenyl proton resonances 
are multiplets at 15 7.44 and 7.73. The observation of two 
distinct methyl signals indicates that rotation about the 
C-N bond is slow as previously noted by ClarkI 2 for a 
number of other secondary carbene platinum complexes. 
On the basis of the detectable coupling to platinum, the 
low-field methyl resonance is assigned to the group trans 
to platinum. The small value of 3Jp}i for the hydrogen 
attached to the carbene carbon is consistent with the cis 
orientation of phosphine and carbene ligands found for the 
solid-state material. 
The only reasonable pathway for conversion of the 
chelate complex to the carbene must involve chelate ring 
cleavage and the formation of free iminum cation which 
serves as an hydride abstracter. It seemed likely that either 
the chloride counterion or the polar solvent might promote 
dissociation of the amino group from the platinum atom. 
The fluoroborate salt of the chelate complex was syn-
thesized to test for a counterion effect. In fact, the fluo-
roborate salt of the chelate complex did not yield a de-
tectable quantity of carbene complex when heated in 
acetonitrile and we conclude that the chloride counterion 
rather than solvent is most important for the conversion. 
ahe BF, - salt of the chelate complex does decompose in 
hot acetonitrile but at a much lower rate than the con-
version of the chloride salt to carbene—products were not 
identified.) Although the conversion of the chloride salt 
to carbene is rapid in CH 3CN, it is much slower in CHC1 3 . 
This may be a result of poor solvation of the iminum cation 
in this medium since formation of a neutral dichloro 
complex should be favored by the less polar solvent. 
Description of the Structure of [(Ph 3P)PtCH 2N- 
(CH 3 ) 2CH2N(CH 3),(C1)]Cl. The crystal structure of 
[(Ph3P)PtCH 2N(CH 3) 2CH2N(CH 3).2(C1)1C1 consists of 
four-coordinate cations and noninteracting chloride anions. 
The cation (see Figure 1 for an ORTEP drawing) is four-
coordinate and contains the unique chelating ligand 
-CH2N+(CH3) 2CH 2N(CI-i3)2 with triphenylphosphine co-
ordinated trans to the dimethylamino function. Selected 
interatomic distances and angles are given in Table VII. 
Although the cation can be loosely characterized as 
having a square-planar arrangement of ligands about the 
(11) Al-esaa, R. J.; Puddephatt, R. J. J. Chem. Soc. Chem. Commun. 
1980. 45. 
(12) Christian, D. F.; Clark, H. C.; Stepaniak, R. F. J. Organomet. 
Chem. 1976, 112, 227. 
Table III. Final Positional and Anisotropic Thermal Parameters° (with Esd's)'for Nonhydrogen Atoms of [(Ph,P)PtCH,N(C11,),CH,N(CH,),(C1)]Cl 








































N(1)  -0,0150 (3) 0,2615 (5) 0,4025 (2) 0.029 (2) 0.024 (2) 0.033 (2) • 	0.004 (2) 0.010 (2) 0.003 (2) 
N(2)  -0,0944 (3) 0.3930 (5) 0,2930 (2) 0.028 (2) 0.032 (2) 0.027 (2) 0.001 (2) 0.008 (2) 0.005 (2) 
C(1) 0.0110 (4) 0.1016 (4) 0.41J..0 (3) 0.047 (3) 0,029 (3) 0.044 (3) 0.012 (2) 0.019 (3) 0.006 (2) 
C(2) 0,0644 (3) 0.3514 (6) 0.4400 (3) 0,021 (2) 0.053 (4) 0.043 (3) -0.005 (2) -0,000 (2) -0.007 (3) 
C(3) -0.0207 (3) 0.2797 (5) 0.32i;7 (3) 0.027 (2) 0.030 (3) 0.032 (3) 0.000 (2) 0.010 (2) 0.001 (2) 
C(4) -0.0634 (4) 0.5487 (6) 0.31`d2 0.042 (3) 0,025 (3) 0.051 (3) -0.004 (2) 0.010 (3) 0.008 (3) 
C(5) -0.1077 (4) 0.3799 (7) 0.2218 ( 2 ) 0.041 (3) 0.065 (4) 0.022 (3) 0.004 (3) 0.009 (2) 0.007 (3) 
C(6) -0.1869 (4) 0,3511 (6) 0.3271 (3) 0.029 (2) 0.039 (3) 0.026 (2) -0.002 (2) 0.012 (2) 0.001 (2) 
C(7) -0.3026 (3) 0.5931 (5) 0.45(J8 (2) 0.021 (2) 0.023 (3) 0.032 (3) 0.003 (2) 0.002 (2) 0.001 (2) 
C(8) -0.3328 (4) 0.6628 (6) 0.5156(3) 0.038 (3) 0.028 (3) 0.044 (3) 0.003 (2) 0.012 (2) -0.001 (2) 
C(9) -0.3201 (4) 0.8144(8) 0.52.18 (3) 0.058 (3) 0.037 (3) 0.054 (3) 0.005 (3) 0.011 (3) -0.009 (3) 
C(10)  -0.2797 (4) 0.8977 (6) 0.4786 (4) 0.046 (3) 0.023 (3) 0.068 (4) 0.006 (2) 0.007 (3) 0.004 (3) 
C(11) -0.2535 (4) 0.8322 (7) 0.4214 (4) 0.052 (3) 0.031 (4) 0.068 (4) 0.003 (3) 0.026 (3) 0.009 (3) 
C(12)  -0.2633 (4) 0.6794 (7) 0.4121 (3) 0.050 (3) 0.035 (4) 0.048 (4) 0.010 (3) 0.022 (3) 0.012 (3) 





























. 0.003 (3) 
0.010 (3) 
C(17)  -0.4491 (4) 0.1550 (6) 0.5807 (3) 0.045 (3) 0.038 (4) 0.045 (3) -0.011 (2) 0.018 (2) -0.002 (2) 
C(18) -0.4196 (4) 0.2159 (5) 0.5218 (3) 0.038 (3) 0.031 (3) 0.031 (3) -0.003 (2) 0.011 (2) -0.002 (2) 



















































° The form of the expression defining the thermal ellipsoids is exp[-2n 9 (U„h 'a" + Un k'b" + U„ 1'c*' + 2U„hka*b* + 211,,h1a*c* + 2U,Alb*c*)]. 
Figure I. ORTEP drawing of the cation [(Ph 3P)PtCH 2N 
(CF13) 2CH21■1(CH3)2(C1)1 +. Hydrogen atoms are not shown; 
probability ellipsoids are at the 50% level. 
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Table IV. Final Positional and Thermal Parameters (with Esd's°) for 
Anisotropically Refined Atoms of cis-t(Ph,P)Pt[CHN(C11 3 ) 2 11(C1),} 
atom z U„ 
Pt 0.19964 (4) 0.12937 (4) 0.43050 (4) 0.0282 (2)• 
C1(1) 0.2220 (3) 0.2361 (3) 0.5751 (3) 0.073 (2) 
Cl(2) 0.1411 (4) 0.1746 (4) 0.3514 (4) 0.090 (2) 
P 0.2683 (2) 0.0996 (2) 0.5170 (2) 0.027 (1) 
N 0.268 (I) 0.101 (1) 0.333 (1) 0.070 (7) 
C(1) 0.177 (1) 0.040 (1) 0.306 (1) 0.042 (6) 
c(2) 0.416 (1) 0.258 (2) 0.470 (2) 0.056 (8) 
Q3) 0.239 (2) 0.018 (2) 0.232 (2) 0.13 (1) 
U„ 	U„ 	 U„ 	U,, 
0.0301 (2) 0.0310 (2) 0.0267 (2) 0.0254 (2) 0.0256 (2) 
0.058 (2) 	0.068 (2) 	0.054 (2) 	0.065 (2) 	0.061 (2) 
0.087 (2) 0.083 (2) 0.079 (2) 0.072 (2) 0.082 (2) 
0.027(1) 	0.030(1) 	0.025 (1) 	0.026(1) 	0.024 (1) 
0.087 (8) 0.073 (7) 0.074 (7) 0.067 (7) 0.069 (7) 
0.048 (6) 	0.043 (6) 	0.041 (5) 	0.037 (5) 	0.038 (5) 
0.067 (9) 0.073 (9) 0.058 (8) 0.057 (8) 0.043 (8) 
0.13 (1) 	0.11 (1) 	0.11 (1) 	0.11 (1) 	0.11 (1) 
The form of the expression defining the thermal ellipsoids is exp[-210(U„h 3 a4" + U,100" t U, 12c*' + 2U „hkatb* + 
2Untaa*c* + 2U„klb*c*)]. 
Table V. Final Positional and Isotropic Thermal 
Parameters for Phenyl Group Carbon Atoms of 
cis- {(Ph3111:1[CHN(CR3)2]0 7 } 
atom 	x 	• y 	 z 	U, 
Q4) 	0.4502 (9) 	0.2771 (9) 0.7189 (9) 
c(5) 0.568 (1) 0.395 (1) 	0.786 (1) 
C(6) 	0.709(1) 	- 0.534(1). 	0.941 (1) 
Q7) 0.726 (1) 0.554 (1) 1.025 (1) 
C(8) 0.610 (1) 	0.441 (1) 	0.962 (1) 
C(9) 0.470 (1) 0.300 (1) 0.807 (1) 
Q10) 0.1484 (9) -0.0220(9) 0.4737 (9) 
C(11) 0.159 (1) 	-0.082 (1) 	0.484 (1) 
C(12) 0.070 (2) -0.175 (2) 0.453 (2) 
Q13) -0.031 (1) 	-0.210(1) 	0.411 (1) 
c(14) -0.040 (1) -0.151 (1). 0.404 (1) 
g15) 	0.046(1) -0.060(1) 	0.432(1) 
C(16) 0.2821 (9) 	0.0204 (9) 0.4483 (9) 
g17) 	0.414(1) 0.102(1) 	0.530(1) 
C(18)- 0.417 (1) 	0.038 (1) 0.468 (1) 
Q19) 	0.282(1) -0.113(I) 	0.321 (1) 
C(20) 0.152 (1) 	-0.196 (1) 0.239 (1) 



















platinum, the donor-Pt-donor angles are considerably 
different from the ideal ones. There is a slight tetrahedral 
distortion as shown by the deviations of the Heating atoms 
from the least-squares plane defined by the equation 
0.304X + 0.935Y+ 0.180Z - 3.075 = 0. i.e., C1(1), -0.059 
A; C(6), -0.076 A; P, 0.061 A, and N, 0.074 A. The Pt atom 
is 0.008 A out of this plane. There are also deviations in 
the in-plane angles from the ideal 90 0 : the N(1)-Pt-C(6) 
angle is only 82.2° whereas the C1(1)-Pt--P and P-Pt-C(6) 
angles are 95.10 (7) and 93.2 (1)°, respectively. All angles 
and distances in the chelate and tripitenviphospnine Ug-
anda are in the expected ranges. 
The Pt-C distance of 2.017 (5) A extends the range 
previously found for sp 3 carbon (without fluorine sub-
stituents) bonded trans to chlorine. The lower limit of this 
range was previously defined by values of 2.08 (1) and 2.090 
(4) A occurring in trans-(Ph 3P).,Pt(CDR (R = CH.2CI\1 13 and 
n '-ally1 14), respectively, and 2.081 (6) and 2.079 (14) A in 
trans-(Ph 2PCH3) 2Pt(CDR (R = CH 3 I 3 and CH-Si(CH:) 1 ') 
respectively. Although it is tempting to suggest that the 
shorter Pt-C distance is a result of a stronger interaction 
between the electronegative carbon donor (compare the 
distance of 2.002 (9) A in trans-[Pt(Ph,PCF10 2- 
(C2F5)C1P5 with the value of the CH 3 derivative given 
above), it is also possible that the shorter bond is partially 
a result of the constraint placed on the system by the 
chelate ring. 
The Pt-P bond distance at 2.223 (2) A is shorter than 
(13) Del Pra, A.; Zanotti, G.; Bombieri, G. Roe, R. Inorg. Chem. 1979, 
18, 121. 
(14) Kaduk, J. A.; Ibers, J. A. J. Organomet. Chem 1977, 139, 199. 
(16) Bennett, M. A.; am, H.-K.; Robertson, G. B. !nor". Chem. 1979. 
18, 1061. 
(16) Jovanovic, B.; ManojloviE-Muir, L; Muir, K. W. J. Chem. Soc., 
Dalton Trans. 1974,195. 
Figure 2. ORTEP drawing of cis-1(Ph 3P)PtICHN(CH3)21C121- 
Hydrogen atoms are not shown; probability ellipsoids are at the 
SO% level. 
distances recorded for trans-bis(phosphine)platinum(II) 
complexes (the minimum distance is about 2.29 A), but 
this is not unexpected if there is a r component to the 
Pt-P bond since the trans amino group would not be 
competitive. 
The Pt-C1 distance of 2.362 (2) A is the same as that 
in trap- [Pt(Ph2PCH3 ) 2(CF3)C11 15 within experimental error 
and is considerably shorter than those in other complexes 
where chlorine is bonded trans to sp 3 carbon donors." As 
noted by Bennett et al., in regard to the CF 3 complex,' 5 
 this is probably a result of an electrostatic dipolar effect 
induced by the electronegative carbon substituent. 
Description of the Structure of cis -1(Ph3P)Pt- 
(17) Shomaker, V.; Waser, J, Marsh, E. R.; Bergman, G., Acta Crya-
tallog. 1959, 12, 600. 
' Table VI. 'H NMR Data for UPh,P)PtCH,N(CH,),CH,N(CH,),(C1)) and cis-{(Ph,P)Pt[CHN(CH,),)C1 2 1 
chemical shifts (8 vs. Me,Si) and coupling constants for proton types 
compound 	solvent, anion 	 a 	 d 	 e 
CD,CN, 	3.14 	 6 4.08 	 6 3.09 
(•pt..}1  3  23 Hz, 44-11 = 2.6 Hz) 	( ' Jpt_1i = 28 Hz) 
CD,CN, CI 	6 3.15 	 6 4.28 	 6 3.14 
('ip t-H = 24 Hz, 4,./p_H = 2.8 Hz) (Vp Hi = 28 Hz) 
CDC1, 	6 2.85 
	
5 3.26 	 6 7.47-7.69 (m) 
( 2 .1p t_u 3 53 Hz, 144./ 1.62 Hz) 
3.30 	 6 7.46-7.69 (m) 
( 2 ..fp t_H t2 54 Hz, 344.1 1.1 Hz) 
6 3.52 	 6 9.81 	 6 7.30-7.87 (m) 
( 3.1p t_if = 12 Hz) 	( 2.fpg4.1 . 22 Hz, 1.441 is 4 Hz) 
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Table VIII. Selected Interatomic Distances (A) and 
Angles (Deg) and Least-Squares Planes for 
cis-{(Phy)Pt[CHN(CH,),]C1 2 1 
Distances 
Pt-C1(1) 2.347 (3) N-C(2) 	1.42 (2) 
Pt-Cl(2) 2.345 (3) N-C(3) 1.46 (2) 
Pt-C(1) 1.96 (1) P-C(4) 	1.818(9) 
Pt-P 2.220 (2) P-C(10) 1.799 (9) 
C(1)-N 1.25 (1) P-C(16) 	1.828 (9) 
Angles 
C1(1)-Pt-C1(2) 89.4 (1) C(1)-N-C(2) 124 (1) 
C1(1)-Pt-C(1) 177.7 (3) C(1)-N-C(3) 123 (1) 
C1(1)-Pt-P 90.1 (1) C( 2)-N-C( 3) 113 (1) 
C1(2)-Pt-C(1) 88.4 (3) Pt-P-C(4) 	110.8 (3) 
Cl( 2)-Pt-P 176.8 (1) Pt-P-C(10) 117.0 (3) 
P-Pt-C(1) 92.2 (3) Pt-P-C(16) 	113.9 (3) 
Pt-C(1)-N 129.4 (8) 
Least-Squares Planes° 
0.435X + 0.478Y + 	 0.410X - 0.816Y + 
0.763Z = 0.328 0.407Z = 4.570 
at9m 
	
dev, A 	 atom 	 dev, A 














C(1) 	 -0.033 
a Least-squares planes were calculated by the method 
described in ref 17: all atoms have unit ‘kcilzht. Equations 
refer to orthogonal axes with the x axis coincident with a 
and z with c*. 
indicates that the smaller dihedral ang.le results in a higher 
C—N stretching frequency. Since bonding between a 
carbenoid ligand and the metal involves back-donation 
from filled metal orbitals to the carbene carbon p orbital, 
it would seem that the maximum interaction would occur 
for dihedral angles of 90 or 0°. In a coordinate system 
where the carbenoid ligand is on the x axis, these limiting 
cases would utilize the metal d, and d, orbitals, respec-
tively, for the 7- interaction with carbene carbon p orbital. 
The latter situation is less favorable in nonchelated sys-
tems because of steric interactions between the groups 
attached to the carbene carbon and cis ligands attached 
to the metal. The reasons for the deviations of the dihedral 
angles from the ideal value in may of the structurally 
characterized complexes are not apparent. These devia-
tions may be a result of crystal packing effects or possibly 
to a trade-off between Pt—C and C—N multiple bonding. 
The Pt—C(1) and C(1)—N bond distances are 1.96 (1) and 
1.25 (1) A, respectively. Both of these distances are quite 
short and are consistent with the presence of substantial  
3ZI 
multiple bond character to each interaction. Table VIII 
lists the pertinent data for other cis-dichloroplatinum(II) 
carbene structures for comparison with the present data. 
The distances observed for our complex are generally 
comparable with those of earlier structures although the 
present C(carbene)—N distance is significantly shorter than 
those in which the carbene carbon is bonded to two het-
eroatoms. It is only slightly different from the C-0 dis-
tance in the C(OEt)CH 2Ph complex.thb Although it might 
be expected, on the basis of the previous discussion of the 
dihedral angle, that the Pt—C and C—N distances should 
be inversely correlated, there are insufficient structural 
data on similar compounds to indicate the extent of any 
relationship between these parameters. It might be noted 
that a C(carbene)—N distance of 1.266 (15) A was found 
for trans- 1 [PhP(CH 3)d 2Pt(CH 3)[C(CH 3)N(CH3)911PF6. 21 
Both Pt—Cl distances in the present complex are the 
same, which suggests similar trans influences for the 
carbene and triphenylphosphine ligands. The Pt—P dis-
tance is typical of those for complexes in which the 
phosphine is bonded trans to chlorine; the phenyl C—C 
distances and internal angles are normal in every sense. 
Discussion 
All of the products derived from reaction of dimethyl-
methyleniminium halides and M(PP11,), (M = Ni, Pt) and 
the intermediates that we believe are involved in their 
formation are outlined in Scheme I. Species IV has not 
been detected for either Ni or Pt although it is the most 
likely product from the initial reaction. We assume that 
it results from electrophilic attack of the iminium cation 
on the metal. In the case of nickel, species I is irreversibly 
formed.' This complex can be converted to an ni-C1-10N-
(CH3) 2 form by treatment with sodium cyclopentadienide, 
but this rearrangement cannot be accomplished by the 
addition of phosphorus ligands." We assume either that 
IV does not form with platinum or that I and IV are in 
rapid equilibrium and IV is removed by alkylation with 
a second equivalent of iminium salt (to give V initially). 
Conversion of IV to I in the case of nickel is appa,-ently 
much faster than the alkylation reaction since no evidence 
for a product containing the chelate ligand was ever ob-
tained. 
We view the conversion of chelate complex II to carbene 
complex III as proceeding by substitution of the amino 
group by chloride followed by dealkylation and hydride 
abstraction by the liberated iminium cation. Hydride 
abstraction in a metal complex by an iminium salt has 
precedent. Fong and Wilkinson reported (CO) 4 Fe[CHN-
(CH3) 2] and (C0) 5Cr[CHN(CH3 ) 2 ] as the products of re-
action of [(CH 3)2CH2]I with Fe(C0) 42- and Cr(C0) 52-, 
(20) Badley, E. M; Muir, K, W.; Sim, G. A. J. Chem. Soc., Dolton 
Trans. 1976,1930. (21) Stepaniak, R F.; Payne, N. C. lnorg. Chem. 1974, 13, 797. 
..., 	• 	 • , 	 .11. 
	
Table IX. 	Selected Structural Parameters in cis- [C1,Pt(L )(carbene)1 Complexes 
Baref teld Of al. 
Pt-C1 
L carbene 0,a deg Cm) , -X, A Pt-C, A (trans to L), A Pt-a, A ref 
PEt, C(OEt)NHPh 77 1.33 (2)0 1.962 (18) 2.367 (7) 2.361 (5) 20 
1.33 (3) N 
PMe,Ph 0(OEt)CH,Ph 
I 	
t 86 1.283 (11) 1.920 (9) 2.355 (3) 2.375 (3) 19 
- 
PEt, CN(Ph)CH,CH,NPh 90 1.327 (11) 2.009 (13) 2.381 (3) 2.362 (3) 17 
PPh, C(H)N(CH,), 84 1.25 (1) 1.96 (1) 2.346 (3) 2.347 (3) this work 
a Dihedral angle between the carbene and coordination planes. 
respectively. 22 These reactions apparently proceed via 
(C0),,MNI-CH2N(CH3) 2P-, which reacts with a second 
equivalent of iminium salt. The fact that hydride ab-
straction has not been observed in neutral 11 1 -CH,N(CH 3) 2 
 complexes is also consistent with the hypothesis of Cl' 
involvement in the reaction of the chelate complex since 
proposed intermediate VI is then anionic. 
We suggested earlier that the complexed CW,N(CH 3 )2 
 moiety behaves much like the complexed allyl function.2
 This notion is further supported by the contrasting be-
havior of the allylnickel and -platinum complexes that are 
essentially analogous to I and H in the scheme. [(77 3- 
Cal-15)Pt(PPh 3) 2]Cl is apparently ionic in chloroform so-
lution with a four-coordinate cation (assuming that the 
allyl group occupies two-coordination positions). However, 
the complex is fluxional (by NMR) in this medium even 
at -50 °C." Since endo-exo proton interconversion in allyl 
complexes occurs via a a-bonded allyl complex, this sug-
gests that chloride ion is probably intimately involved in 
promoting the rearrangement (note that [(77 3-C3H 5)Pt-
(PR3)C1] complexes are stereochemically rigid). In fact, 
Kaduk and Ibers crystallized [(ni-C 3H5)Pt(PPh3) 2(C1)] (as 
well as the ionic species) from a benzene-pentane solu-
tion." In contrast, [(772 -C 3 H 5)Ni(PPh 3) 2C1] is five-coor-
dinate and nonfluxional. 23 Thus. it appears that both 
,j-allyl and 7/2-iminium moieties are more strongly bonded 
to nickel than platinum (note that I(Ph 3 P),Ni[7f=-CH0N- 
. (CH3)2],+ + Cr gives complex II).' 
Work by Okawara and co-workers on oxidative-addition 
rections of C1CH.,SCH 3 with (Pli,P), M (M = Pd. Pt) 24 . 25  - 	 - 
also suggests that Tr,  forms of a-substituted alkyls are less 
stable for platinum than for the lighter group 8 elements. 
In both of these reactions trans-[ (Ph 3 P)111(COCHSCH n i 
v.as formed (analoeous to IV in the scheme) but the pal-
ladium complex was in equilibrium with f (Ph ,P)Pd(77 2 - 
CH2SCH3)C1] + Ph 3P. The n2 complex can be isolated by 
removal of the dissociated phosphine. Removal of phos-
phine from the platinum complex gave [(Ph 3P)Pt(ki-
CH2SCH 3)C1h. 
In view of Okawara's work, our failure to obtain complex 
IV with Pt is not easy to explain. However, the insolubility 
of the iminium salt and of the chelate complex in suitable 
solvents makes it difficult to make variations in reaction 
conditions. The fact that the chelate complex was obtained 
in reactions involving 1:1 ratios of (Ph,,13) 3Pt and iminium 
salt suggests that formation of the chelate complex may 
be faster than oxidative-addition. Several attempts were 
(22) Fong, C. W.; Wilkinson. G. J. Chem. Soc., Dalton Trans. 1975, 
1100. 
(23) Walter, D.; Wilke, G. Angelo. Chem., Int. Ed. Engl. 1966, 5, 897. 
(24)Yoshida, G.; Kurosawa, H.; Okawara, R. J. Organomet. Chem. 
1976, 113, 85. 
(26) Yoshida, G.; Kurosawa, H.; Okawara, R. J. Organomet. Chem. 
1977, 131, 309. 
made to prepare a n 1-CH 2N(CH 3) 2 complex using LiC-
H 2N(CH3) 226 and Pt(II) starting materials but all failed in 
our hands. 
Coupling of other unsaturates to give chelating ligands 
is well-known. To some extent the head-to-tail coupling 
of the iminium cations resembles the coupling reactions 
of (CF3) 2C0 and (CF3) 2CNH performed by Stone and co-
workers. 27 A large number of compounds . of the type 
L2 MXC(CF3) 2YC(CF3 ) 2 (M = Ni, Pd, Pt; L = CNR, 
phosphorus or arsenic base; X = 0, NH; Y = 0, NH) were 
prepared, generally by addition of a second equivalent of 
unsaturate to a preformed r complex. It is believed, 
however, that these reactions occur via intermediates in 
which both unsaturated molecules are bonded in 1r fashion 
prior to C-N or C-0 bond formation. 
The process by which our chelating ligand is proposed 
to form is analogous to reactions of metal iminoacyls 
(M—CR--NR) with imidoyl halides in which the chelate 
complex M—C(R)----N(R)C(R)=-NR is produced. 30 
Finally, it is interesting to note that although a much 
wider variety of bonding modes has been observed in 
phosphorus ylide complexes than is presently known for 
nitrogen ylides, 31 chelating forms of the former in which 
a neutral substituent serves as the second donor have not 
been prepared. One might expect, however, than an 
analogue of the nitrogen ylide chelate could be prepared 
from [(CH 3 ) 2PC11213 (CH 3) 3r.32 
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